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FOREWORD 


1.  Purpose;  Air  Weather  Service  Technical  Report  105-121;  is  published 
for  the  information  and  guidance  of  all  concerned. 

2.  Origin  and  Scopes  This  Report  was  prepared  by  the  Air  Weather 
Service  detachment  at  Guam  in  response  to  a directive  of  Headquarters,  Air 
Weather  Service.  It  was  reproduced  by  Headquarters,  1st  Weather  Wing, 

Tokyo,  far  use  of  its  activities.  The  present  report  extracts  only  the 
technical  part  of  the  original  report  from  Guam,  for  use  of  forecasters 
and  research  meteorologists. 

3 „ Additional  Copies;  These  should  be  requested  from  Armed  Services 
Technical  Information  Agency  or  Headquarter^  Air  Weather  Service. 
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INTRODUCTION 

\ 

The  purpose  of  this  report  is  .to  provide  information  concerning  the 
activities  of  the  Typhoon  Warning  Network  during  1351,  It  is  designed 
to  evaluate  forecasting  techniques,  operational  activities  of  the  turn- 
ing Service,  and  reconnaissance,  The  summaries  ®f  information  are 
provided  to  substantiate  some  of  the  written  material  in  the  report  and 
to  provide  a Compact  reference  for'  studying  the  1351  season* 

The  study  of  forecasting  techniques  is  not  treated  with  the  same 
detail  as  in  the  1949  and  1950  Annual  Reports  due  to  shortage  of  person- 
nel and  the  belief  that  most  of  the  "laws51  and  method*  were  conclusively 
treated  in  the  two  previous  Annual  Reports,  The  1950  report  was  compiled 
by  sia^ forecasters  from  the  Center,  two  observer-draftsmen,  and  one  fere- 
caster  from  the  54th  Reconnaissance  Squadron,  while  this  report  was 
compiled  by  two  forecasters  from  the  Center,  one  ob server-draftsman,  and, 
one  forecaster  from  the  54th,  The  discussion  of  forecasting  techniques 
is  limited  primarily  to  extrapolation,  climatology,  and  synoptic  analysis 
because  they  are  the  primary  i» tools8  of  all  the  units  of  the  Network, 

An  attempt  has  been  made  to  prevent  duplication,  in  this  report*  of 
material  presented  in  the  1949  and  1950  reports*  All  three  "annual a 
should  be  used  as  a single  unit,  for  reference  or  training  purposes* 

* f 

Acknowledgement  is  made  to  all  unitB  of  the  Typhoon  Warning  Service 
for  their  outstanding  contributions  to  a successful  season  and  for  provid- 
ing the  information  for  this  report. 


. . paht  i techwioat-, 

A*  ’ OB1.IATICN  A m BEHAVIOR 

Tropical  Meteorology,  especially  that  part  pertaining  so  tropical 
cyclone  formation  and  behavior,  has  not  as  yet  reached  sue’1,  an  advanced 
stage  that  hard  and  fast,  rules  can  be  established.  There  have  been  many 
theories  proposed  L'O  explain  and  predict  these  phenomena*  which  are  many 
times  difficult  even  to  describe,"  To  put  many  of.  these  theories  into 
practice  is  indeed  difficult  because  of  the  lack  of  data.  Per  this  same 
reason,  caution,  should  be  exercised  when  applying  the  various  rules,  for 
most  are  based  on  an  interpretation  of  these  sparse  data.  Perhaps  if  the 
data  were  more  abundant  these  theories  would  be  less  plentiful.  Before 
becoming  too  involved  in  tropical  forecasting,  one  should  become  thoroughly 
familiar  with  the , excellent  work  of  Dr,  0,  S*  Palmer,  His  notes  on  Tropical 
Meteorology  were  included  in  the  ,Tuae  1949,  2143d  Air  Weather  Wing  Technical 
Bulletin*,  All  forecasters  can  profit  by  reading  these  notes* 

While  the  area  in  which  tropical  cyclones  with  surface  winds  of  45 
knots  or  greater  have  been  initially  detected  is  $uite  large,  as  can  be 
seen  by  inspection  of  the  chart,  page  2,  almost  all  of  the  tropical  storms 
or  typhoons  which  have  developed  during  the  past  few  seasons  could  be 
traced  back  to  disturbances  which  were  first  detected  near  Kw&jalein, 
Initially,  these  disturbances  were  either  easterly  waves  or  vortices,  and 
many  times  they  were  ©f  such  light  intensity  that  it  was  not  deemed  neces-r 
sary  to  initiate  easterly  wave  bulletins,  It  appeared  during  pestanalysis 
that  many  of  these  disturbances  developed  near  Kwajalein, ' Actually,  they 
may  have  developed  some  distance  east  of  that  atoll,,  but  data  throughout 
that  area  are  so  scarce  that  it  is  difficult  to  specify  any  small  area  to 
the  east  as  a source  region,  , 

During  1951,  this  Easterly  Wave  Program  was  ®f  great  help  in  following 
these  disturbances  as  they  progressed  westward.  This  Program  can  become 
even  more  valuable  through  the  full  and  diligent  cooperation  of  all  partici- 
pating units,  , 

The  importance  sf  following  these  disturbances  in  the  easterlies  as 
they  move  along  the  rout#  between  Swajalein  and  Guam  cannet  bo.  overempha- 
sized, It  Is  often  quite  difficult  to  track  easterly  waves  because  of 
the  few  reporting  stations  along  this  route.  Throughout  most  of  the  1951 
season,  upper  air  reports  from  Truk  and  Ponape  came  in  n©  more  often  than 
twice  sach  day.  This  is  not  considered  to  be  adequate  to  meet  the  needs 
of  the  Typhoon.  Hhrning  Service,  Many  times  a vortex  can  pass  by  ene  of 
these  stations,  and,  because  of  the  13-hOur  interval  between  upper  air 
reports*  no  evidence  will  be  given  of  its  passage,  ' * 

Several  indicts  for  detection  of  easterly  waves  have  been  used  with 
relatively  good  success.  Some  of  these  are  as  follows?  . 

1,  Twenty-four  hour  pressure  changes  of  -1  to  -3  millibars, 

3,  Variation  in  wind  direction  from  normal  easterly  flow.  Wind 
usually  shifts  from  northeast  through  east  to  southeast  in  the  layer 
below  700  millibars. 


3, 


Easterly  winds  ad  ova  normal  in  a small  ansa* 

4*  Unusual  amount s of  heavy  precipitation  persisting  for  several 
hours  at  **■  given  station. 

5,,  prolonged  periods  of  low  ceilings  at  a given  station  accompanied 
dy  thicfe  middle  and' high,  cloudiness. 

These  indices  are  included  in,  the  8143d  Air  Weather  Wing  letter  5&-I34,  - and 
have  been  used  throughout  the  brief . history  of  the  Easterly  Wave  program  in 
the  pacific*  , ' " , > ■ ' * 


itet.  us  examine  these  indices  in  the  light  of  two  years  ®f  .operation  ©f 
the  Easterly  Wavs  Program,  Do  24-hour  'pressure  falls  of  bne  to  three  milli- 
bars indicate ’.the- or  passage  of  ah  easterly  wave!  Or,  is"  the 
presence  of  ode  indicated  dy  prelonged,  heavy  precipitation  at  a station. 

Because,  of  the  small  spape.  or  time  variations  of  pressure,,  except  for 
diu^al  changes,  direct  analysis  of  the  pro  a sure  field  in  the  tropics  is  of 
little  or  so  value.  It.  is  only  in  the  vicinity  of  well-develeped  tropical 
cyclones  that  the  pressure  gradient ^aseuasa  any  sigrdficare*,  However,  dy 
analysis  of  changes  in  pressure,  using  24-hour  changes  to  minimize  diurnal 
variations,  detection  of  slight  disturbances  is  aometiays  possible.  It  has 
been  noticed  many  times  during  the  existence  ®f  the  Easterly  Wave  Program 
that  pressure  falls  ef  one  to  three  millibar#  do  not  accompany  easterly 
wave  passages.  At  other  times'  falls  are  noted  when  the  existence  of  a wave 
cannot  be  established*  On  the  other  hand,  well-defined  passages  have  been 
noticed  with  accompanying  pressure  rises*'  These  passages  were  indicated 
by  sharp  wind  shifts,  heavy,  continuous  rain,  and  thiols  altostratus  over- . 
casts,.  This  criterion  of  24-hour  pressure  falls  is  by  itself  neither 
adequate  nor  reliable  as  a means  of  detecting  easterly  waves. . / 

’ - ‘ . ■ 

Prolonged  periods  of  ley  ceilings  accompanied  by  both  middle  and  high 
cloudiness  have  been  observed  which  cannot  be  explained  adequately  by 
easterly  waves  or  vortices.  There'  have  also  been  periods  Of  above  normal 
rainfall  which  cannot  be  explained  adequately  by  .these* 


Most  reliable  as  a means  sf  detection  is.  analysis  of  the  field  ef 
motion*  tMortunately,  not  enough  data  aye  available  for  complete  analysis 
of  this  field.  Analysis  can  be  performed  on  the  individual  time  cross- 
sections,  and  good  results  obtained.  This  analysis  can  further  be  aug-‘ 
■mental. by  analysis  of  reports  frosa  weather  reconnaissance.  Many  times  it 
'is  difficult  to  detect  the  presence  of  an  easterly  wave  by  this  means 
because  wind  shift#  are 'often  slight,-  being  no  more  than  3.0  to  20  degrees* 
Increases  in  wind  spe’el  are  sometimes  noted  which  are  not  associated  with 
easterly  waves  or  vortie'es*  - ' 


Results  of  nearly  two  years.’  Operation  Indicate  that,  none  of  these 
criteria,  when  used  alone,  is  adequate1  te  detect "the  presence  of  either 
an.  . easterly  wave  or  ayOftexy...  Jew  passages  have  been  observed  In  which 
all  of  these  indices 'wire 'noted.  Often  no  more  than  one  or  two  are 
present. ' ‘Sometime#  a'pacsage  will  be  indicated  by  a good  wind  shift  and 
above  normal-  precipitation  with 'none  of-  the  others.  Future  research  may 
produce  'an  easier  and' more  reliablemeans  of  detecting  these  disturbances* 


but  it  is  unlikely  that  there  will  be  any  time  in  the  near  future  when 
the  tropical  forecaster  must  not  be.  constantly  pa  .the  alert.* and  use 
every  scrap  of  data.’  , ' " / 

v.  Average  speed  of  movement  for  the's9“'waves  h$s  • been?.  stated  may 
times  as  being  10  knots.  This  is  a good  approximation  and  makes 
computation  quitp^easy.  However,  this,  average  speed  has  been,  perhaps, 
overworked  in  the?past,\  resulting  in‘a  loss  of; confidence  in  the  Program 
itself.  It' must  be  remembered  that  this  speed  is  a»  average,,  and  should 
be  treated  as  such*  Speed  of  movement  during ‘ the  1?51.>  seas  on . has  varied 
from  6 knots  to  above.  16  ’knots.'  In  the  absence  of  Other.  data,  it  is  a 
good  policy' to  extrapolate'  the /Wave  west  at  the  last  known  average  speed* 
When  no  average  speed  can  be  Established,  it  is  then  a good  idea  to  ex- 
trapolate the  wave  wept  at;  10  knots  until , suck  ttiae  as  .w  avea^ge  speed 
can  be  determined  from  passage,  at  the  nejEt  island  stallion 'along  the  chkin. 
The  use  of 'a  10  knot  average  spepd  should  ba-us^d  more -sparingly  than  has 
been  the  practice^''  : V'  ’•  ,.* . , • .*  • 

* . • • , ; 

Host  of 'the  waves  are.  ill-defined*  . - There,  ienot,  at  the  present  time, 
any  way  of  detdihsining  iii ’advance  the  Weather  pattern , to  be  papected,  • 
Instances--  of  weMher  ^curring  at,  time,  of  passage  have  been  as  prevalent 
as  instances  of  weather  occur  ring  either  before  or  after  passage* 

, > y After  easterly  waved  and  vortices  pas's^Guam,  they  become.  increasing- 
ly; difficult  to  track,  :*Vdp  and  Xpfof,  the.,  only  t£vr.  regular  .reporting  a 
stations  between  Guam  and  the.  Philippines,  are  both  below  10  degrees  .>  •... 
north- latitude.  These  stations,;  .as’in  the  case -of  ;Truk  sp3*  Poaape,.-had  vw 
•no  more- than*' Wd  upper  jiir  soundings  per, day  throughout  most -Of  the  1951  . 
season* 1 • during  1950,'  several  of  * tM  .disturbances  recurved,  • after  passing 
GuAm,  and  •intensified.  There  were  no  ste-f  ions ' hbrthwf  st  of -Guam;  to  v • 
indicate  this,  and,  as' a rfesult,  the  Network  was  almost  completely  \ . i. 
dependent  upon  weathe'r  recohz&issance..  'Also*  when -ike  iTO.is  north  of  . . 
these  stations,  'th#if  ^reiforts  are  of  little  value  in  detecting  the 
presence  of  disturbances.  .During. the  1951  season,.. Sap  and  Koror.  were  of 
more  value  in  tracking' easterly  wayes  than  during.  1950.  The  main  reason 
for  this  was  that  the  dieturbaacds  'moved  .along  farther.  south-duringlSSl,.- 

• >. » i • *• 

As  easterly  waves  approach  Guam,,  they' must  be  watched  for  signs  of 
intensification.  Several  rules  have.  hpe.a,  proposed  for  predicting  ..intensi- 
fication from  vortem  ‘to  tropical  'storm  ^or  t^hpon^.  and  'several  of  these  • 
'tore  iholija^l.-'ia;  *5$,  1&9  and  I960.;  Annual’  EeportsJ  An  evaluation  of;  these 
rules  is* 'Quite  difficult  becaU.ee  of  . the  lack  of  data.  Host  «f  the,  tinar.- . s 
the  causes  of  inV^Sifieation  are  obscure,.  -In  using  these,  rules  caution.-.  *, 
should  *be  exercised';*  .At'ithe  .present  time,  the  best  policy  is  t.o. -keep;  each 
disturbance  .under  •constant'  surveillance  and  watch  for.  signs,  of  increased  . .. 
wiad^  speed  pr 'Spreading,  Areas  of  deteriorating  weather*  .•••*/•..  -1 

1 . ■ • ' • ■■  * 

Once  th#  presence  of  a well-developed  tropical  cyclone  has  been 
established,  the  problem  of  forecasting  future  movement., and  intensity 
arises;"  .The  forecasting  of'; intensity  is  not  as*  difficult;; as  forecasting-' 
future  movement^  Normally,  tropical  cyclones  that '.attain  typhoon  in--  *■ 
tensity  do' not 'decrease  t°  a nonhasardous  stage., .until* they  mpve  over  large 
land  masies  ©Jr  become  ektratrc^cal.  In  the  .forecasting : of  movement  «*many . 
problems  arise,''  Experience  during  .the  previous..! seasons  shows^thatnirou^xs 
and  ridges  in  the  ;wSsterIies'  influenoe  the  .behavior,  of  tyopical. cyclones,  *..- 

4 


Several  types  of,  climatological  stadias  lav®  lean  prepared.  One 
type*  skewing  track's  art',  average  speeds,  was  included  in  the  _ 1349  Aahual 
Report*  $hesa  tracks  h ve  been  useful  during  the:  past  two  seasons* 

During  1961#-  a mors  date  ilo.d  st-vdy  was  prepared  and  distributed  to  the 
various  network  units*  Several'  .of  these  are-  included  in  this  report, 
pages  0 through  9 * Ihose  included  are  all  that  are  available  at  the,, 
present  time*  ’ " 

•..As  tropical  cyclones  move  west  through . the  lower, IJastitudes , some 
appear  to  oscillate  slightly  rather  than  to  follow  a smooth  regular  path. 
Several,  times  during  the  1901  season  this  was  noticed*  ’ per  the  most  part 
these  oscillations  appeared  when  an  attempt  was  made  to  connect  all  of 
the  reconnaissance  fixes  by  One  line*  Admittedly,  there  are  some  errors 
in  reconnaissance  fires*  ’ During  the  1951  season  the  Reconnaissance 
Squadrons  had  many  well-experienced  personnel.  Some  of  the  weather 
observers  and  navigators  were  in  their  third  typhoon  season*  Several  had  , 
mere  than  20  typhoon  penetrations*  It  is  felt  that  the  fixes  and  data 
provided  are  quite  aebbrate,  ■ 

On  pages  10  through  14  are  the  tracks  ef  seme  ©f  the  1951  tropical 
. eye! sues  that  appeared  t®  oscillate.  As  can  be  seen  by  examination  of 
those  tracks,  two  possible  types  are  indicated*  ifihere.is  quite  a 
similarity  between  the  track  of  Mar#?*  and  the  type  of  oscillatory  motion 
- described  by  Dr*  Y«h*  UJh©  track  along  which  Hargs  moved  was  similar  to  » 

' trochoid*  Period  of  eecillatien  varied  from  VS  te  126  hours,  which  was 
much  greater  than  that  ef  Nora,  louise,  Ruth#  and  Ora,  The  paths  Of  these 
resembled-  the  small  sinusoidal  waves  described  by  Captain  Horn.  Generally, 
the  period  far  these  vailed  from  24  te  42  hours,  periods  for  *11  were 
• Computed  te  the  nearest  Six  hours. 

Amplitude  is  rather  hard  to  determine,  for  several  tracks  can  be 
dfawn  which  satisfy  all  fixes*  per  these  tropical  cyclones,  after  the 
best -track  in  the'  cpision  of  the  Post1  Analysis  Hoard  has  been -drawn,  ' 
amplitude  varied  from  5Q  to  20  miles.  Ihs  deviation  was  usually  greater 
t*  the  right  of  the  smoothed  path  than  te  the  left,  . ■ 

KfcKAa*' of  oscillations  are  not  as  yet  known.  Not  .all  tropical 
cyclones  behave  in  this  manner,  Usually ‘oscillations  appear  before 
re  curvature  of  slow  moving  tropical  cyclones*.  It  is  possible  that  some 
of  these  oscillations  are  caused  by  passage*  of  weak  troughs  in  the 
westerlies  north  of  the  tropical  cyclone*  Nona  Of  these  troughs  are 
strong  enough  to  cause  reourvature  but  appear  to  be  of  sufficient 
strength  to  cause  a slight  northward  deflection,' 

fhe  greatest  value  in  knowing  that  some  tropical  cyclones  do  follow 
oscillatory  path*  is  in  evaluation  of  reconnaissance  fixes,  $hi#  some- 
times keeps,  the  forecaster  from  b scorning  too  hasty  in  a forecast  for 
reourvature  if  a -slight  north  movement  is  indicated  by  one  of  the  recon- 
naissance fixes. 

One  ‘of  'the  problem*  which  is  of  greatest  concern  in  forecasting 
tropical  cyclone  movement  is  that  of  recuri'ature.  . It  is  always  a problem 
as  to  whether  or  not  a typhoon  will  roach  a position  during  the  forecast 
period  when  recurvature  is  possible*  Included  on  pages  17  through  22, 
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24  HOUR  TYPHOON  MOVEMENT 


24  HOUR  TYPHOON  MOVEMENT 

AUGUST 


24  HOUR  TYPHOON  MOVEMENT 

OCTOBER 
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are  several  charts'  which  tey  be: 'of  301553  help  in  determining  whether  or 
not  a tropical  cyclone  rill  recurve,'  The  most  -common  recurvature  1 

.situation  arises  when  ru  art rc tropical  trough  approaches  from  the  west. 

It  is- usually  quite  difficult  to  determine.  whether  the  trough  will 
extend  far  enough  south  or  "be  of  sufficient’  intensity  to 'causa  recurva-  ^ 
tux-e,  Normally,  if  the  trough  is  moving  ^faster  than  15  knot  s , recurva- 
ture will  not  occur <j  There  may  be  a deflection  to  the  north  when  these 
troughs  pass  by,  however*  if,  the  high  cell  centered  to  -the  northeast 
of  a tropical  'cyclone  builds* , or  starts  moving  eastward After  a period'  ' 
of  stagnation*  the  tropical  cyclone,  quite,  often  rscurves.  Also,  when  an 
extratropic&l  trough  approaches  from  the  west  and  the  high  cell  northeast 
of  the  tropical  Cyclone  begins  to  more  .eastward,  tropical  cyclones 
usually  recurve,  •;  . .*  . ' ’•  . '/  ' "■ 

’ - ■ 1 . . ‘ . * 

r ' It  has . been  stated  in ’the  past  that  tropical  cyclones  decelerate 
before  recurving.  During  the  1951  season  the  following  was  noted; 


..Decelerated  * 

Accelerated 

After  Becurvaturs 

Iris 

He  ’ 

Yes 

Marge 

Yes 

Yes  ’ 

Sarah .. 

Yes 

Y*s  ' 

Thelma 

Re  (20  knots) 

Ye*. 

Babe  ■ 

Yes 

Yes 

Ruth 

Yes  • 

Yes 

6 Gasesf 


4 did  declerate  • - 

, 2 did  not 

• 1 p ■ ; 

Three  tropical  cyclones,  Hope,  gate*  and  Joan  recurved  before  intensify** 
lag,  positions  before  intensification  are  not  accurate  enough  to  deter- 
• mine  the  average  speeds  for  these  particular  tropical  cyclones*  It  was 
also  observed*  during  the  1951  season,  that  Iris*  Marge,  Hath.;  Wanda,  and 
Aay  had  marked  decelerations  and  no  recurvature*  The  criterion  ef 
deceleration  by  .itself  is  hot  reliable  as  a means  of  determining  recurva- 
turs*  All  tropical  cyclones  during  the  1961  season  accelerated  rapidly 
after  recurving* 

Moat  of  the  errors  incurred  in  tho  forecasting  of  recurvature  are 
from  forecasting  tfaiq  to  happen  too  soon  or  from  forecasting  too  rapid  a 
recur vnture,  Perhaps  the  best  method  after  the  decision  has  been  made  is 
to  forecast  slow  recurvature  with  the  storm  moving  first  northwest (i  then 
north,  then  slowly  turning  northeast* 


• Another  problem  closely  allied  to  that  of  re  curvature  is  looping., 
During  1951,  f our  storms  looped  antlcyelcnicaily.  These  were  Joan,  Iris, 
Hops*  and  Amy,  POetsnalyftis  tracks  for  these  typhoons  are  included  on 
pages  23  through  26  * Joan  was  already  recurving  when  detected  and  was 
moving  northeast.  The  typhoon  became  stationary,  then  started  moving 

southwest.  Iris  had  recurved  west  of  the  Philippine* 'and  moved  some  1500 
miles  northeast  before  looping*  Hope  was  in  tho  process  of  recurving  from 
south  of  Guam  and  had  reached  a position  almost  due  west  Of  Guam  when 
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■ looping  occurred,  Amy  crossed  the.  Philippines  and  "began  recurving  slowly 
northward  then  became  stationary  and  looped.  ' , 

The  synoptic  situation 'is  very  similar- to  recurvaturo*  Normally, 
there  is  a high  center  northeast  of  the  typhoon  with  a trough  approaching 
X iron. the  northwest.  ., -The  tropical -cyclone. moves  around  the  periphery  of  * 
.this  high  centered. -to  the -northpast . and" .heglhs' t^"  recttree);  then  it  reaches- 

■ ■ a position  such  that  the.  high  bipeds  further  movement  to  the  ?north  or 

aoistiwast*  * it.  then  becomea  rtearl^-  st^tiohaiy  and  .the  trough  continues 
' moving  fMiMitwardi  no  longer  influencing  -the  tr^iGal  cyclone*  s movement* 

' ’ She  tropicai  cyclone  .once  again  starts' Roving  westward* , 

-■  - -.There  is  room' for  argument  as.. to  Aether  the  typhoon  actually  completes 
an  anticyclone -loop  or  remains  .stat  ionary  'ogoi'XiutiiSg  .b&ojc  and  forth  before 
•«  moving,  westward*  > for  the  purpose  of.  .post&naiysis  performed  "by  the  Typhoon 
• Board 'during,  the  past  season,  looping  was '.considered ‘to  mean  "both  of  these 
k and-,  the  tracks  drawn  /showed  slight  anticyclone  loops*  .’  ' ' 

One  conclusion  has  been  drawn  after  postanalysis  of’ these  four  tropicap*% 

■ cyclones*  This- is*-  after  completing  a loop, . dissipation  occurs  within  48  wf 
hours,  • This  is  one -of  the  few  times  that  tropical : storms  er  typhoons' 
dissipate  while  still  over  tropical  ocean  dr sag,  As  for  the  movement  after 
looping, • two  moved  west-, southwest#  and.  the  other  two  moved  northwest. 
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UPPER  AIR  STEERING 
CASE  I 


NORMAL  RECURVATURE 


L WaAK 


fJVING 
f EASTWARD 
AT  ABOVE 
10  KNOTS 


STATIONARY  OR 
^WESTWARD  MOVING 


UPPER  AIR  STEERING 

case  nr 

NON -RECURVATURE 


TROPICAL  CYCLONES  USUALLY  DEFLECTED  NORTHWARD 
FOR  SHORT  PERIOD  THEN  RESUMES  WESTWARD 
MOVEMENT 


UPPER  AIR  STEERING 
CASEjF. 

FAST  MOVING  TROUGH 
(LOOP) 


UPPER  AIR  STEERING 
CASE  HU. 

STORM  FOLLOWING  ANOTHER  STORM  OR 
LOW  PRESSURE  CELL 


'■*  - 


— -fc  — 


tej 


v> ' 


r 
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r 

’* 

% 

ft 


* • . B*  ^^HOQfT  S’QHEOaSIXNG'  EBCEJJIQ1BS 

attJuS*?  1951  n.-ohr  ^ seasoart  a aQW  record,  for* accuracy  was 
for  this  iLr^vsSt0'''1?  .!9XS^  Eetwork, ' -W  reasons  have  been  given' 

«?*•  cyclones  easier 

Sob  wer,  !*,*»  .eelie**  that'.*  portion  of  it  resulted 

£L°*fe* 3 toowl^g6  and  proper  relative  emphasis  on 

■wS:  :sd8ss^rc!m 

. ;•  . - • “♦  _ *.  4 

deveTrtr'f.-.f^-h'96^'  eva,puation  9$  and  emphasis  on  the  w standbys*  is  a skill! 
ll  experience  and  «KUL  be  difficult,  if  not  impossible, to 

&S\2  ttZTiTVVhi  f^  *5  a *«l «*•  *S£i  Wen  written 
this  tie  is  v^Sfff.l6  t?0j-»va*  ^Parate . entitles.  In  evaluation,  of 
wL*  L f7  difficult,  aue  to  the  fact  that  the  three  are  so  inters 

noted  value °Je^+v!E£>^n^*  Extrapolation  is  based  upon,  persistence  and  its 

cliffiat°Eogy.  Evaldati onof  the  septic 

Iclls  in  sl?ilUP??  s tjat  ^ teen  noted  about  behavior  of' 
•e,ve_ones  al.raAlar  situations  in  the  past,  thus  climatology* 


•Despite  the  difficulties.  enuMerafead  +«  +.v»o  . 


. ™ -w.  • ” T w w Mo 

believed  to  produce  the  best  results* 


T-,60?4  Pf8iWoii  is  available,  a forecast  track  should  "he 
made  from  climatological  data*  then  modified  with  information  i"din«.teri 

8J°S:d  0616  by -obtaining  the  direction  'of  movement 
1 ?/??  Bpe43d  frora  extrapolation  or  persistence.  ' ^is 

S SrSTlfit?*  W ““'1,n  .Maine*  ffom  . 

2S2f!J°  s-balysis*  Jt  is  beiiavea  that  the  forecaster  should  be  more 

tdth  ^Ptic  analysis,  in  the  lower  latitudes 
th®  ?aore  bcrthern  areas,  > further,  the  forecaster  can  place  more 
oa  ®ya5P^®  d^lysi.SiWhen  recurvature  is  occurring*  Synoptic 
W-W&  Precast  recurvatur©,  acceleration  and 
moSS  S were  available  to  determine  the  position* 

: ^^%tinto.the  tropics,  Of  long  waves,,  A fforthem  Heal- 

' !°°  aillil^s*  .Waived  by  facsimile IwotOd 

wSlvSoS  £Si!S  behavior  of  the  long  wave  .train  as  an  aid  to 
forecasting*,- ; Jr  addition,  the  200  millibar  level 
could  be  used  to  determine  .whether  convergence'  or  divergence  exists 
^LOTf0*,  A •*■**  «t  *i.  uBpeS.tr 
has  bean  an  aid  in  forecasting  intensification  or  decay  even  though  very 
xew  data  were  available  at  the  200  millibar  level.  ^ ^ 

. .ff  !h"i~preesure  bisector  method  was  used  to  fix  centers  of  cyclones 

f^'ient^SL^6^  a3W3aJer  of  reP°rts  wer«  available.  She  area  of*u$- 
T* . 0f  C0UrSQ‘  a°rth  of  the  flat  pressure  field  of  the 

SttSr  “ eTOlUatl011  °f  tMB  «<**  IP  made  for  the  . 


27 


'I 


'She  24-hour  pressure  change  prbfil'4':%nd  Wi'nd^.pr  of  lie  were  used 
q.uite  extensively  by  s^ll  unites  .of  the  Typhoon  Warning  Network  during 
the  1961 -season,  The  ■•  ^.vriA^ntage'' off’thiW  ^thod^c^S-.the  fact 
that  it  can  he  used  to  a/iv^ht&ge.  whei^ohiy ’^ne'- deport .. 4a.  availahle 
’from  a station  under  the  influence .©? ‘tl^f^SSdne*;  tiouz  j;. -jv/ ;/;••• 

• ' ; * ; 1 hiiy.-.*',;-.,  •■..  ._ 

. The  use . of  the  « steering  levelt  method°hhs  bem?  gather" unsuccess- 
ful during  the  past-  season*’  Occasionally^ ' dUria^tye^^tmture* , it  » 
could  he  noted  that  the  .path  of  a cyclone  was  following  the  flow  et  a 
certain  level  and-a  good,  forecast  direction  oh tailed* 

'’i  ’ 4 , * 

•The  'Andersen  Center  and  the  Clark.* Sub-center  had  considerable 
success  in  forecasting  ©sciilatory  movement ,0f  tropical  cyclones  as 
’ outlined  by  gorn,  The  forecaster  muB$‘W&i,b  Wtil  an  oscillatory  track 
is  .established  by  three  or  four  fixes  befC.fe^hC;  can  determine  the 
position  of' a,  cyclone,  in  relation  to  the; 'bsfciljhtor^r track*.,  The 
accuracy  added  to  a forecast  by?  forec$stinyg  oscillations-  instead  of  a 
mean  Path  is'  admittedly  ‘small,  but  4t  %§  believed’  ti&tnvexy.  effort 

* \ i < ■■  i ' ■ 

Vn  4»  I 1 4 ■W/Vrr  . 


reconnaissance  fixes  during  .the  1961  season. '-present  a ‘strong  argument 
for  the  existence  of  such  tracks-.-^.  may  be  noted  here  .that  .practically 
all  forecasters  in  this  area  have  gained  a considerable  respect  for  the 
-‘accuracy  of  .reconnaissance  fixes  during  the  I960- 1161  seasons  due  to  the 
,’s/faoV  that  fixes  which  at  first  seem  to  represent  a very  unusual,  situation 
■,  a.re  usually  quite  credible,  when  viewed  in  the  light  of  an  oscillatory 
track.  .'Hxtfapolation  has  been  used  jjxore  accurately  because  thm-oscil*- 
' ■ 3atosy;t»acks<peis:t.6ut  the  necessity  of  the  'two  fixes  used  .being, at 
least  one  wavelength  apart  for  best  results.  ... 

« in  review,  the  ^methods  and  technique a most  usable  to  the  Typhoon 
■Warning.  Net  work  are^extrapolation,  climatology,  and  synoptic  analysis., 
with  shb-diyisions  of  e^ui -pressure  biseCtorV  _24-h.our  pressure  pro- 
files, wind  ppefilesi  -upper-air  convergence  and  divergence,  l<?ftg  wave 
■ effect's!  upper  'latitude*  syst-sm  offsets,  and  forecasting  movement  along' 

• an  oscillatory  track.  .There  -we  have  the  main  ihgre diehts  of  tropical 
cyclonet  forecasting  during  the  1961  season,  and-  vdien.pr'oporly  mixed 
with  a leavening  of  experience  they  will  give  the  b|at: possible • fore- 
cast until  such  time  as  research  reveals  more  valuable  methods, 

. teclmiiu.es  and  aids.  ■ .*  ( ' 

’ ♦ •**•’.?  **  ' ' ■ s‘.  . 

* ...  * « ’ • . f 
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0.  ERROR  AMIiYSIS 


la  an  effort  to  e'v  l.'-.te  the  services  provided  by  the  Typhoon  Warn- 
ing Network,  errors:  for  bulletin  location,  18-hour  forecast  st  and  24-hour 
forecasts  have  been  computed  for  all  -bulletins  and  forecasts  issued  during 
the  1S51  Typhoon  Season,.  The  purpose  of  such  an  evaluation  is  twofold. 
First,  it  is  to  note  points  of  weakness  and  to  suggest  possibilities-  for 
improvement.  ■ Second,  it  is  to  provide  the  Network  with  a guide  to  its  . 
capabilities  in  providing  advance  warning  to  using. agencies,  normally, 
users  of  the  Typhoon  warning  Service  are  not  as  interested  in  the  theory, 
of  forecasting  typhoon  movement  and  intensity  as  they  are  in  the  receipt 
of  accurate  forecasts  far  enough  in  advance  ®f  the  tropical  cyclone  * e 
arrival  to  take  necessary  protective  measures*  For  this  latter  reason, 
therefore,  the  method  of  distance  evaluation  was  used. 

In  this  method  of  distance  evaluation  a postanalysio  track,  based 
upon  all .available  data,  is  drawn*  Because  of  the  few  reporting  stations, 
in  the  area  through  which  most  typhoons  move,  synoptic  analysis  is  not  of 
much  help' in  accurate  locating  of  position.  Most  accurate  and,  also..-, 
most  used  are  reconnaissance  fixes*  These,  are  supplemented  by  land  radar 
fixes  when  available.  In  drawing  a curve  to  satisfy  a set  of  points,  it 
is  quite  often  possible  to  draw  several  quite  similar  paths.  However, 
in  drawing  the  postanalyeis  track  a sincere  effort  is  made  to  draw,  that 
track  which  beet  satisfies  all  fixes  and  d&ta*  Postanalysis  positions 
corresponding  to  USAS’  bulletin  times  are  included  on  this  track,  . To,., 
compute  the  error  the  distance  in  nautical  miles  xs  measured  between  the 
position  indicated  on  the  AF  bulletin  and  the  position  for  the  correspond- 
iag : time  indicated  on  the  poatanalysio.  track. 


Feat  Position 
fr  AF  Bulletin 

* ... 


Error 


06}  12 


■Post-analysis 


-<-~£^Track 


Various  error  charts  and  graphs  are' included  in,,  this  deport*  , .Cm  . 
page  30  is  included  a chart  showing  average , errors  incurred  by  the  net- 
work as  a whole  for  each  individual  tropical  cyclone.  These  average, ; 
errors  haw  been  corrected  and  differ  slightly  fttxtii  those'  which  appeared 
in  the  individual  tropical  cyclone  reports.  For  the  entire  1951  season, 
these  averages  in  nautical  AilAsarC.  as'  follows!  ■ 


Georgia 

Hois  . 


v - . ” EEROM-  -imVIimL  CYCLONES  ' 


FOR  NETWORK 

£.» . * . ■ 

Bulletin- 

13-Hour  Forecast 

24-Hour  Forecas 

Error 

Error 

Error 

*?«£•£  ..i. 
• •*  }■»  * 

• -:i‘  ; SO  ;v;- 

A 1 - * . . ’ 4 • 1 • • » “ 

'135.' 

, - . - . 9 r ■ 

< 45  • ’ • * • 

' 'iso  ... 

, 315 

’ • i-  < 


, <■ 


i,  ../r'  ’ , ' * *.  * ' J • *’ 

ERRORS  IiroiVIDUAl  ctcto: 

• - ; : - 

: - ills  fin. 

’^XB-Bouf.  Ppre'cas't 

24-Hour  Forecast 

, , ‘ i;:  »* 

• Error' . 

. ,•  Error  v^*V  •• 
•<  ...  ,;V  « 

^ Error  ' ' i - 

Iris  ■ ; : 

.’-50  ' 

. V-  ; UOO  .w  ;•  . 

150-  . ’ • \ 

Joan  ' - ; , 

46 

"..’'•i2b.!, 

. « ••  f ' t ' 

206 

Kate  ‘ • 

' 20  . 

.‘  ’-  as  ( 

. ’.  ' iso  ■ 

Louise'  ' 

20 

’ ....,,"  ■145  >v  .-f. 

; Vo 

Marge 

20 

» • • ' 

70.  ■ ' ' 

Nora  • . 

,15  ■ 

‘ ,60 

-'■.■‘"ISO 

i J ‘ 

Ora  . • 

25 

■ - • ; ' , 60.  . ' ' .7 

■ 135  . ■ : ‘ „ 

Pat 

40  , 

[ V ...  , . 

.*  .140”* 

230 

Ruth 

20 

t , , ’ i - . 

.>  .j  ■ 

• • . •.V*-'5  ■ 

140 

. ‘ , i s • 

" Stowth- 

6.0 

! - ■;  .^45; 

275 

Thelma  - ■ 

25 

" ’’  ” ■ 

. * *..  « „ , 

■« 

....•  185  « 

Vera  . , 

5 

,•  85  .' 

. '276 

Wanda 

30 

75  . 

1 • 

125 

A 

■ Amy' 

25 

70'  •.  ..  •' 

130'  '• 

Babs 

30 

115'  < ,,r  . . 

‘ ,.'210 

Average. 

30 

85 

150 

4 4*  »’  ..  i --  . • « . • • 

All  figures.,  ia  nautical  miles*  ' . , • . . ' ' ■ 

’•  . ■-  - •*;  ■'  ' ‘ " •’ 

These  averages  compare  with  those,  of  the  1949  and  1950''  season  as  follows: 


Bulletin  Location . 

•'r  13-Hour  Forecast 

■ 34-Hour  Forecast.  >■ 

1949 

50  , •■-.  ■ 

•\  r 105.  . 

190. 

1950 

50 

: • 115 

. 190 

1961 

30 

. 86  • 

150 

,i  J.  ■ ' ' ■"*.  - 

* •. 

' / 

An  iJahroverjest-  is  noted  in  'both  hullo  tin  location  and-,  forecasting 
t averages.  There  are  several  probable  reasons  for  this.  On®  of  the 
‘ most  apparent  is  in  the  excellent  reconnaissance  support  rendered* 
There  was  a marked  increase  not  only-in  fixes  provided  but  also  in 
reconraiasanco  fixes  obtained  per  AF  bulletin  issued,  * This  can  be 
compared  as  beiowi 
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Number  of  fixes  ■'  Number  of.  Bulletins  ‘ Sfetie  Bixes/Buls. 

1961  168  400  l/'3*4  , ' 

1950  69  . ..  V , • " 394+  ' ‘ 1/4.B 

1949  50  - 303  l/S 

♦This  does  not  include  49  bulletined  s sued  east  of .180  * 

degrees  longitude,  as  no  proyisons.  wfire  made  for'recon- 

naissance  east  of  180  degrees  at' that  time,,-  '■■■'•  • 

»♦  * _ 

Reconnaissance  fixes- alone  are  not  the  answer  to  the  forecast  problem. 
However,  by'  judicious  use  of  these* forecasting  can  be ’improved. 

, . - , ...  • »_  v . . > , 

A breakdown  of  average  errors  incurred  by  each' notVbr^' unit  for 
each  Individual  tropical  cycibne  is  included  'on  pages  34  'through  38* 
She  overall  Averages  ■ for  • the  eatlre  season  vare  as  follows^ 


No* 
' * 

•of  Bui,.  ' 

- Bul.Loc*  . 

13-Hr.  Best 

■ 24-Hour  Best. 

* • * * 

Anderseji' 

Clark 

Toby© 

'■138' 

' 154  , . 

, 108  .. 

30  “ . 
36 

35  ; 

. 85 

•,  \70 

■UO 

145 

125 

195 

These  compare  with  thelSSQ  and.  1949  averages  as 

follows? 

' No*Bul»Bul.  Lo®%; 

‘ *■  ' t “ 

13-Hr  Best 

. 24-Hr  Best . ' 

Andersen  ivw/  138 
, .1950  .69 

-ic/ta  iprt 

*V-*W  (XVV 

■ w 
.36 
70/ 

85 
- 90 

' 140'  ' 

9-  * * 

'.  145. 

s’  160 
225 

(Jlark 

ftBQ  154. 
1950  41 

1949  93. 

. 25  ' ■ / 

••  45  ■'  ■ 

.•  .50;’  r«; 

'.7© 

' io5  • 

> • • 90 

,135/  0 
. 180  ' 

v'.‘-:.170. 

Tokyo 

P .144 
1949  ;•  ,83. 

• • :S5  ■ 

. L/60  --  '' 

•1  ..'.30  - • • - 

/ • no-  1 - 

• •'  • 136 

70 

..  195  V.  ‘ 

4 *■  - 210  ; 

135  ^ . 

(Bulletins,,  iflsped  by  Kadena  are- not  included.  In.  these  coripari sons  ; 
as  ’this ..  station  was  dropped' from  the  Network  .,■ 

It  should  be  mentioned  that  comparison  of  averages  between  the  various 
, network  units  is  not  necessarily  a comparison  of  forecasting  ability* 
Bach  network  fcait  ban  its  own  forecasting  problems.  In  the  Guam  area 
of  forest  responsibility*  where  there  arc  normally  few  data  available*  • 
forecasting  is  done  for  the  oarly  stages  of  a tropical  cyclone*. 3 life 
cycle,  when  the  store  is  ill-defined  fend  little  accurate  history  avail- 
able, even  though  the  original  disturbance  might' have  been  tracked  from-, 
as  far  tast  as  Bws.  hlein.  Although  the  Basterly  Vave  Brogran  is  of 
great  value  id  following  the  progress  of  these  disturbances,  usually 
the  position  is  no  acre  accurate  than  one  degree  of  longitude..  Centers  •. 
of  vortices  are  difficult  to  place  within  two  degrees  of  latitude. by 
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analysis  of  time-cross-eectiods.  for  Individual  stations.  Normally, 
it  Is  only  after  ret  on  • : es.i  nee  enters  the  picture  that  accurate 
location  is. possible,.;- o,',«,.ny-tiai9'‘,aft;e'r  ■ 'detection,  recurvature 

1®  pOtfSlhle,.  ..  i-'-V  «.•-•••'*■»  * 

,«  • .V*  's-i  7*  ^ ’ /•’  * ; 

In  the  Clark  area,  of  forecast  responsibility,.  problems,  are  quite 
similar  to  those  outlined  above*'  except15  that  Uan^ly 'there  is -mere 
history  of  .movement';  apd ^Intensity,*  • A’  lack  iwfr  d&tW  makes  the ; use  of 
reconnaissance  necessary , for  location  at  present  positions#  Again* 
recurvature  is  possible  at; 'any* 'time,  ' ' ■ . 

forecasting  problems:  change^  somewhat''  in  the'^Dokyo  area  Of  responsi- 
bility, ihere  is  usually  mors  data  available  for  locating  present 
.locations,  and  the  prohles’sof^'ijecurvature  is  not.  so  great,  for,  normal- 
ly, the  tropical  melons'  has  already,  recurved,  or  is  in  an  advanced  stage 
of  recurvatttra*  However,  rapid  acceleration  to  speeds  in  erce||.. of  85 
knots  are  not  uncommon,  2hi«  does  present  a problem,  for  the  track  may 
be  well  forecast,  but  an  error  in  speed  of  only  five  knots  will  result 
in  an  error  of  120  nautical  miles,  assuming  the  bulletin  position  to  be 
without  error*  . . • ’ . ”'  * _ 

Sheas  individual1  network  Unit  average  are-  therefore,  included,  . 
not  necessarily  for  comparison  between  each  other*  but,. rather,  for 
comparison  .with  results  in  the  same  areas  for  previous  years*  In 
general*  the  roeulta  indicate  that  bulletin  locations  have  improved 
durin#  the  three  year  period,'  Shis  is  particularly  true  in  the  fiHtam 
££&  Cii£*k  areas  of  forecast  responsibility,  Sher©  has  been  « trend  for 
improvement  of  both  the  12-  and  24-hour  forecasts,  alsoi1*.  • 

^Uits-  often  averages  nr©  misleading,  for  this  reason,'  distribution, 
graj^ia.  of  the  errors  made  by  the  network, and,  also,  by  individual  network 
units  have  been  prepared.  'Shese  are  included  on  pages . 43  through  48* 
inspection,  of  these  graphs  show  that  the  network  was  able',  to  issue 
bulletins  ,80  per  pent  of  which  had  30  miles  or  lest  error  for  present 
.position*  Also,.  .76  per  cent  of  the  12-hour  forecasts  were  accurate 
within  .88  miles  or  less.  Approximately  70  per  cent;  " ..• 

forecasts Tsad©  were  equal,  to  or  less  than  the  150  mile ^ avenge* 

. A comparison  between  the  distribution  of  these  errors;.  ^kyiUojf'^  t or 
l$0O.is  included  on  the. graphs,  pages  4S through  . 45* 
improvement,  for  the  network  as  a whole,  over  caic-be 

seen  by  the  following*'  * '""i'  !v'-*  ” 


j>  Bulletin  location’ below--:' 

30  nautical,  miles  - - '/  -■_ 

$ 12-hour  forecast# -.below-  \ 

85  nautical  miles  r.  / 50  75 

.24-hour  forecasts  below" 

150  nautical  miles  . ‘ 50  _ 70 
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In  order  to  or-lupte.  linear  extrapolation  and  climatology  as 
forecasting  tools,  a con.^udsva'betweoh  Shows’  forecasts  made  by 
these  and  the  -actual  34-hour  forecast  iteis  mile*  Only  linear  extra- 
polation was  used  in  making  -this  comparison • because  of  the  inherent 
difficulties 'In  any  system,  of.  verifying-  modified'  ’extrapolation  after  • 
the  typhoon  has  occurred,  4.  sincere  effort  has  been  made  to  evaluate 
each  of  these  in  the  fairest  manner-,  aud  it  is  quite  possible  that' 
errors  for  both  extrapolation  and  climatology  are  smaller  than  would 
have  occurred  had  the  forecast  been  made; at  the  same  time  end  under 
the  same  conditions  as  the  actual  forecast*  It  is  suggested  that  24- 
hour  forecast- position  using  these-  tools  be  included  on  the  forecaster 
work  sheets#  Pages  49  through  50  Include ; distribution  graphs  compar- 
ing the  three  types  of  forecasts. 
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locati'sn  •*  ’'forecast..  3?efec.ast  •../  'Bulletins 


Georgia 

35 

.DA,  '*  ?■"*! 

OW‘ ’ * -»  *.  . 

> ■ ■ . • 

1 125 

■ ' 1? 

*’  1* 

Sop© 

45 

• iso. ■ 

.315  : 

• .10... 

Iris 

"25  : •* 

50  ' 

85 

/.  *'  • 16 

Joan 

45 

" 115 

205’ 

. 13  ■ 

ionise 

15 

50 

65 

5 

Marge 

20  . 

60 

115 

20 

Mora 

0 

50 

85 

1 

Ora 

15 

60 

80 

2 

Ettth 

25 

60 

95 

12 

Thelma ' 

40 

120 

245 

9 

Vanda 

105 

175 

225 

3 

Amy 

30 

■ 85. 

140 

16 

Bats 

25 

105 

175 

14 

Average 

30 

85 

145 

Total  138 

All  errors 

in  Nautical  Miles 

t 
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1 '51  OEOPIGaL  cycloids 

Clni’k  Sub-center 


Bulletin 

Location 

12-Hour 
Pore  cast- 

24~Houx 

Porecast 

Ho.  of 
Bulletins 

'Iris 

25- 

60 

110 

21 

Kate 

30 

100  • • 

100 

2 

Louise  , 

20 

45 

70 

13 

Kora 

20 

70 

125 

12 

Ora 

25 

60 

140 

20 

Pat 

45 

140 

230 

7 

Wanda 

20 

65 

110 

27 

Amy 

25 

65 

125 

.42 

Bats  ' 

4 

50 

140 

270 

.5  ' 

Are  rage 

25 

70 

125 

Petal  154 

All  errors  In  Hautica/l  Mile 3 
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1951  TB,OPXG£l,‘  CTCIyESS 
; . ■ SJQkyo  Sub-center 


Bulletin" 

Location 

IS-Hour ’ 
Forecast 

24-Hour  • * 
Forecast-  . 

Ho,  of 
•Bulletins 

Iris 

120 

25S 

■ 370 

13 

Sat© 

' 15 

85 

160 

16 

Marge 

20 

76 

140 

33 

Pat 

40 

- 

*-* 

2 

Bath 

IS 

m 

19& 

14 

«Mi 

9ft 

1 4» 

le 

Eislioe, 

IS 

55 

95 

10 

Yen* 

5 

95 

275 

BfcSsr.' 

**' 

e*  * 

i 

Average  35  • HO  196  Iota!  108 

Ail  errors  in' Nautical  Miles 


ERROR  GRAPH 


ERROR  GRAPH 


TROPICAL  CYCLONIlS 
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The  comparison  of  these  three,  extrapolation,  olimatology*  and 
the  actual  forecast  i/  "‘te  slightly  better  results  for  the  actual 
forecast,  ' However,  it  u st  be  remembered  that  all  three  forecasts 
are  interrelated,  that  is,  usually  an,  extrapolated  path  1b  drawn, 

then  is  modified  by'  climatology  and  synoptic  analysis,  She  results 
then  are  pretty  much  as  might  oe  expected. 

All  in  all,  error  analysis  for  the  1951  season  shows  an  Improve- 
ment in  forecasting  in  each  area  over  the  1950  season.  It  should  be 
mentioned  that  this  type  of  analysis  is  not  the  only  means  of  evaluating 
the  Typhoon  Warning  Service,  It  has  been  suggested  that  the  errors  be 
correlated  to  speed  of  movement*  lack  of  time  prevents  this  being  done 
for  this  particular  Annual  Report,  However,  it  is  suggested,  that  in  the 
future  an  attempt  be  made  to  correlate  errors  with  change  in  direction 
and  change  in  speed.  It  is  during  periods  of  change  that  the  largest 
errors  do  occur,  There  are  several  "pitfalls  in  this  type  of  correlation, 
one  of  the  most  obvious  of  which  is  when  a typhoon  becomes  nearly 
stationary.  This  presents  one  of  the  most  difficult  of  forecasting 
problems  and,  if  correlated  to  speed  alone,  it  would  appear  to  be  a 
simple  one. 

In  addition  to  the  improvement  in  forecasting,  operation  of  the 
Network  as  a whole  showed  improvement,  Ho  major  SOP  violations  were.  - 
noted,  _ Typhoon  forecasters  wpre  nor©  familiar  with  procedures,  which 
improved  the  services  provided. 
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DISTRIBUTION  12  HOUR  FORECAST  ERRORS 
FOR  INDIVIDUAL  NETWORK  UNITS 
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IT  OP  (FORECAST!! 
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COMPARISON  0? 


: 

ACTUAL  t 

ORBCAST  - extrapolation  - 

CLIMATOLOGY 

• 

34»Hour 

forecast 

Error 

24-Hour 
Extrapolation 
Forecast  Error 

24-Hour' 
Climatology 
Forecast  Error 

* 

Georgia 

135 

195  ; , 

• 140 

: , 

lops 

315  r 

245 

155 

! 

Iris 

150 

210 

190 

I 

» 

Joan 

205 

230 

220 

* wT 

i >4> 

Kate 

150 

210  ■ 

190 

1 ' 

Louise 

« 70 

90 

110  - 

> 

Marge 

130 

140  ■ 

115 

r 

i 

Nora 

4 

120 

145 

160  ■ ' 

i , 

Ora 

135 

140 

145 

t 

Pat 

230 

320 

300 

..  1 i 

f ' 

Ruth 

140 

155 

165 

(i 

f; 

l 

' 

Sarah 

275 

245 

105 

H 

[1 

r: 

§ 

-✓•'V 

Thelma 

185  • 

395 
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f > 
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- 

- 

f; 

s 

IV 

Vanda 
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115 

155 

■ 1 

Amy  ' 
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135 

•140 

| 
■ 1 

■ 

Babs 

210 

190 

150 

All  figures  in  nautical  mils a 
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' D,  'cQMFARlSON  WITH  EHBTflOOS  YEARS 

• ‘‘.J  ••  :•■ 

;[n  considering  o? oration  of  the  network  an©  should  compere  the 
occurrence  and  "behavior  of  tropical  cyclop.es ’during  the  1951  season 
v?ith  that  of  previous,  seasons.-  It  has  often  'deep  said  that  bjfSS’e'  is  . ' ' 

no  such  thigg  as  a normal  'typhoon  season  and  that  the  behavior  of 
individual ' tropical  cyclones  varies  greatly  'rom  the  averages.  It  is 
true  that  averages  do  not  describe  tropipal  cyclone • behavior . adequately* 
but  this  is  quite  oftoss&.true  any  time  an  artithmetic  mean  is  used  to 
describe ’a  phenomenon,,  Even  the  most  reliable  averages  are  not  bases 
for  predicting  the  value  of  the  next  individual  item.  They  must  b©  used, 
however#-  to  describe  the  probable  central  tendency  of  a group,  and#  if 
Chosen  wisely  and  used  judiciously#  they  can  be  of  great  value  in  the 
presenting  of  summaries  or  estimating  future  behavior* 

It  is  the  purpose  of  this  section  to  give  a general  picture  of. 
the  1951  typhoon  season,  and  compare  this  with  other  years  to  see  if  . •; 
any  trends  may  be  established,,  . . 

Seasons!  Distribution 

Included  on  page  53  of  this  report  is  a chart  showing  dates  of 
occurrence#  number  Of  bulletins  issued-,  and  number  of  reconnaissance 
fixes  obtained  for  each  individual  tropical  cyclone,.  From  this  a ■ 
distribution  graph  of  the  number  of  storms  per  month  was  made#  page  53. 

In  making  this  graph  tropical  cyclones  which  occurred  during  the’  last  , 
part  of  the  month  and  the  first  part.  Of  the  following  month  were 
considered  to  have  occurred -.in  that-  month  in  which  th®  'greater  portion 
of  the  typhoon  occurred.  Ip  making  comparisons#  two  groups  of  historical 
data  were  used;  data  from  1905  - 1936  inclusive  pad  from  1945  « 1950 
inclusive#  The  main  reason  for  dividing  the  data  into  two  groups  was 
because  of  the  manner  of  collection*  For  the  period  1905  **  1936  a4tn 
sources  of  data -were  surface  vessels,  and  land  reporting  stations#  Since 
1945  these  sources  have  been  augmented  by  aerial  reconnaissance*  It  is 
of  interest  to  compare  the '1951  season  with  both  groups,  then  to  compare 
the  two  groups#  with  the  1951  season  incliided,  to  see.  if  there  fere 
significant  differences#  • 

, In  comparing  distribution  of  tropical  cyclones  during  the  1951 
season  with  the  two  groups  of  historical  data#  little,,  if  any#  sign!** 
f leant*  'variation  from  the  normal  was  noted,  pone  with  surface  winds 
in  excess  of  45  knots  were- reported  during  January  or  February,  There 
was  only  one  per  month  for  both  March  and  April#  . These  are  all  as 
might  be  .expected  during  the  first  four  months’ -of  the  year,  for  it  is, 
indicated  by  historical \data  that  one  tropical  cyclone  ©r  less  per 
month  may  be  expected  froja  January  through  April.  J4vy  and  June  Wore 
quite  normal  with  two  being  experienced  during  May  and  one  during  Jane# 
Historical  data  indicate  that  from  one  to  two  tropical  cyclones  with 
surface  winds  in  excess  of  45  knots  may  be  expected  during  either  of 
these  months.  There  was  somewhat  less  activity  than  might  bo  expected 
during  July  and  August,  instead  of  from  three  to  four,  there  was  only 
one  each  month*  Season  maximum  for  1951  occurred  during  October  rather 
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•NO,  BX&i 

NO.  PIXBS 

Georgia 

- < ' .21  Mar- 

25  Mar  ■ 

18  • 

. 12 

Hopes 

‘ 18  Apr  - 

20  Apr 

■ ■-•10 

5 1 

iris 

30  Apr  - 

12  May 

50 

21* 

Joan 

. 8 May  *• 

11  May, ! . 

13- 

7 

Kate 

29  Jua  - 

2 Jul 

t * ' 

. •;  •.  .15  . •-  ;• 

• 7* 

Louise  '' 

27  Jul  - 

'■  i Aug  ; 

^ .23  • *:V‘ 

■ 7 

Marge 

ai  Aug  - 

24  Aug  * 

M"  ■ 

"■.'.24 

Nora 

31  Aug 

3 Sep  r;  v-  . 

13,  ' V.  • 

;■  s*” 

Ora 

16  Sep  ~ 

■21 -'Sep; 

. . 22  • i 

' '10* 

Pat 

25  Sep  - 

27 

■-..  9 '.vc.  ; 

; ; '.1  . 

:•  *f  * ** 

■ ..  .....  j 1 * 

P.utiO-  ' " 

9 Oct,r-i 

■15  Oct-  ; / 

V.  ;.v 3.6  --V- 

14 

Sarih.  * 

23  Oct  <r 

27  Oct 

r:  ,’ie:--  * • ’•' 

••  ' ' ; ;i  • 

• A"  **"*■**  * 

thelra* 

27  Oct  - 

1 Nov 

* ' 19 

" ::  ■ 

7 

4»  •*  * * 

Vera 

, 31  Oct  - 

1 Nov 

•. ' • 'J'Z  .5  ;/•' 

• : 0 

Wanda- 

" 18  Nov  ~ 

.25 -Noy  ■ 

30: -••  ■•■ 

' ,9 

JUay  " 

.3  Dec  r 

17  DeC  ‘ ' 

• ’■,:••  .68v,  - ■ • 

t 

25  . 

Bats-'.  - 

. il;  Dec  - 

16’ Dec" 

. •■  ,20 .•••*■•  ' 

4 **  . . * • ' X ’ 

7 ;;; 

V ' 

10TAL, .'.  4.00'  - 

; ■ 165.”  ‘ 

*?ixss  obtained  prior  to-,  first  Bulletin 
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than  September.  However,  f ,1's  is  not  considered  to  be  a marked  departure 
from  the  normal,  as  the  aver:  ge  for  September  is  four  per  month  and  that 
for  October  between  three  pad  four.  So,  there  are  years  in  which  September 
may  be  the  month  of  maximum  occurrence  and  years  in  which  the  maximum  will 
occur  'during  October.,  November  and  December  were,  also,  quite  normal. 
Perhaps  the  most  unusual  thing  about  December  was  not  the  number  of  typhoons 
which  occurrod,  but  the  length  and  severity  of  a typhoon  which  did  occur 
during  that  month.  Ail  in  all,  then*  as  far  as  the  distribution  of  tropical 
cyclones  is  concerned,  1951  was  a normal  year. 

The  two  groups  of  historical  data  with  1951  tropical  cyclones  added 
in  the  1945  - 1951  inclusive  group  were  compared,  page  56,  The  same 
general  features  are  shown  by  both  groups  with  minimum  tropical  cyclone 
activity  occurring  during  the  first  four  months  of  the  year  and  maximum 
activity  occurring  during  August*  September,  and  October.  There  are  some 
differences,  however.  During  the  past  seven  years  fewer  tropical  cyclones 
with  surface  winds  in  excess  Of  45  knots  have  occurred  during  the  first 
four  months  of  the  year  than  did  occur  during  the  32  year  ..period  1905  - 
1936  inclusive.  A few  more  tropical  cyclones  did  occur  during  October 
and  November  during  the  1945  -«  1951  period  than  the  1905  - 1936  period. 

These  slight  differences  might  be  explained  by  the  shorter  period  of 
sampling* 


Areas  of  formation  and  Intensification 

The  great  majority  of  tropical  cyclones  originate  in  areas  where  both 
surface  and  upper  air  data  are  scarce.  Since  World  War  II,  aerial  recon- 
naissance has  been  of  great  help  in  the  early  detection  of  tropical 
disturbances,  for  this  reason,  areas  of* formation  for  those  tropical 
cyclones  which  developed  during  1951  are  compared  with  the  areas  of 
formation  for  tropical  cyclones  since  1948. 

A chart  showing  the  points  of  initial  detection  for  all  tropical 
cyclones  occurring  during  the  period  1948  through  1951  is  included  in 
this  report,  page  58.  As  can  be  seen  by  inspection  of  this  chart,  the 
points  of  initial  detection  are  scattered  over  a wide  area.  The  averages 
for  these  ar4  as  follows; 

year  Av  Latitude  Av  Longitude 

141.536 
135*81 
134.51 
138.11 

4 Year  Average  16, 8N  137, 7E 

Median  values  are  as  follows; 


1951 

1950 

1949 

1948 


14, 6N 
19.  IN 
15.7N 
17. 4N 
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Year 

Median  Latitude 

Median  Longitude 

1951 

13.92 

141,52 

1950 

81*52 

134, OE 

1949 

16.71 

131,82 

1948 

16.  OH 

138.02 

4 Year  Median 

16.02 

136,72 

During  each  year  the  median  and  mean  values  agx’eed  quite  well.  As  can  he 
seen*  it  is  rather  difficult  to  describe  any  one  small  area  in  which 
tropical  cyclones  intensify,  (it  is  assumed  that  most  of  the  tropical 
cyclones  were  detected  soon  after  intensification  during  the  period  1948 
through  1951.)  It  does  appear  from  inspection  of  the  above  tables  that 
during  1951  intensification  occurred  farther  south  and  farther  east  than 
during  any  of  the  other  three  years*  , 

Although  tropical  cyclones  do  not  have  a small*  .definable' area  of 
intensification,  there  appears  to  be  a source  region  near  Kw&jalein  for 
tropical  disturbances.  Many  of  the  tropical 'cyclones  which  became  well 
developed  typhoons  during  1949,  1950,  and  1951,  developed  from  easterly 
Waves  or  vortices  which  can  be  traded  back  to  this  area.  The  charts  on 
pages  60  through  63  show  the  suggested  path,  prior  to  intensification,  for 
those  tropical  cyclones  occurring  during  the  period  1949  through  1951  that 
could  be  traced  back  to  their  area  of  origin.  Unfortunately  not  all  could 
be.  As  can  be  seen  by  examination  of  these  charts,  many  of  the  initial  die- 
'turbances  did  cone  from  the  area  near  Kwajalein.  This  does  not  necessarily 
mean  that  the  initial  disturbance  originated  in  that  area,  but  they  did  at 
least  pass  through  the  area*  The  actual  area  of  origin  may  be  farther  east* 
However,  not  enough  data  is  received  from  the  area  east. of  Kwajalein  bo 
determine  whether  this  is  true  or  not.  formally  it  is  not  until  they  pass 
that  station  that  these  disturbances  can  be  detected. 

These  initial  disturbances  intensify  as  they  move  into  the  area  west 
Of  Guam,  although  some  attain  typhoon  Intensity  before  reaching  Guam,  During 
. 1950  several  of  the  disturbances,  while  still  in  the-  vortex  stage,  intensi-  ' 
> fied  while  recurving.  During  1951  most  of  the  disturbances  intensified 
prior  to  recurvature.  This  is  much  the  same  as  occurred  during  1949* 

t 

It  appears  in  comparing  areas  of  formation  for  1951  tropical  cyclones 
with  other  years  that  1951  was  a quite  normal  season*  Most  of  the  tropical 
cyclones  developed  from  disturbances  in  the  easterlies  which  passed  through 
the  same  areas  as  in  previous  seasons* 


Speed  of  Movement  _ 

Various  average  speeds  of  movement  were  computed  for  all  1951  tropical 
cyclones.  These  averages  compare  with  averages  for  other  years  as  follows: 


59 


1949  3.95Q  ' 1951 

Before  rocurvature  . 10*5  ‘ ' 10*.  Q'  - '9.6 

■During  recurvature  ‘V- . '' r 9:.5>  * '9„.5  -9.0 

After  recurvature  , 16,0  ’ 19.0  20.0 

Overall  average  , 12,0  12, 0‘  12,0 

In  making  these  comparisons,  average  speeds  .for  all  three  .years  were 
computed  in  the  same, manner  and' rounded  off  to  the  nearest  ,5  knot* 
There  is  an  appreciable  difference  between  the  averages  included  here 
for  I960  tropical  cyclpnes  and "those  averages  published  in  the  1950 
Annual  Report,  The  averages  used  here  have  been  reohecked  and  are 
believed  to  be  correct,' 

The  range  of  speeds  for  1951  was  from  nearly  stationary  to  above 
30  knots.  The  same  wide  range  has  been  exhibited  by  tropical  cyclones 
of  other  years* 


Intensity 

. ill  tropical  cyclones,  during  the  1S51  season  attained  typhoon 
intensity*  four  of  these  Georgia,  Hope,  Joan,  and. Any'  dissipated  while 
still  over  tropical  waters.  With  the  exception  of  Georgia,  all  of  the 
four  had  either  become,  stationary  or  executed  small  anticyclone  loops. 
After  attaining  typhoon  intensity,  the  other  tropical  cyclones  maintained 
their  intensity  until  they  became  extratroplcal  or  moved  over  large  land 
areas* 


Direction  of  Movement 

Direction  of  movement,  although,  varied,  was  not  much  different  from 
that  during  other  seasons.  Charts,  pages  65  through  6?',  show  the  tracks 
V-»v'  qf  1949,  I960,  and  1951  tropical  cyclones.  Some  of!  the  tracks  along  which 
the  various  tropical  cyclones  moved  during  1951  gave  evidence-  of  a type 
. of  oscillatory  motion*  There  is  ‘nothing  different  in  this  from  that  of 
> previous  years,'  as  reconnaissance  fixes  have  often  indicated  this  type  of 
movement*  During  the  1951  season  an  effort  v/as  made  to  draw  the  best  path 
that  satisfied  all  of  the  .fixes  on  a particular  tropical  cyclone*  In 
previous  years  a mean  path  has  been  drawn.  The  fact  that  Buch  oscillatory 
paths  have  been’  drawn  by  the  post  Analysis  Board  this  past  season  does  not 
necessarily  moan  that  they  do  behave  in  this  manner*  However,  it  is  the 
opinion  of  the  present  post  Analysis  Board  members,  that  tropical  cyclones 
do  deviate  slightly  from  the  mean  path,-  ■ 

Also,  during  1951,  four  of  the  tropical  cyclones  appeared  to  loop 
ant icyClonieally , This  has  occurred  during  other  seasons,  and  has  always 
presented  a diffuclft  forecasting  problem,  for  there  is,  as  yet,  no  known 
accurate  method  for  predicting  such  c phenomenon. 
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Only  four  of  the  troy i cal  cyclones  during ‘1951  did  not  recurve' 
or  partially  recurve,  ,7c--n  r-nd  Hope  were  in  advanced  stages  of . fecurva-* 
ture  when  first  detected.  3-oth  of  these  looped,  then  quickly  dissipated, 
Georgia  carved  cyclpn.ici.lly,  rather  than  anticyclonically,  hut  presented  • 
the  same  forecasting  .problem  as  ant icy clonic  recurvature*  . Kate  Was  in  an. . 
advanced  stage  of  recur vature  -before  being  .detected  as  -a  typhoon,  Amy 
.began  to.  recurve,  was.  blocked ‘during  recurvature,  then  became  nearly 
stationary  and  moved  scwAhwestward.  > Much  the  same  problems  arose  from 
reCUrva ture  during. 1951  as  during  the  1949- and.  1050  seasons.  . 


| i The  following  section  includes -a 'short  narrative -of  ea^h  of.  the, 

I | tropical  cyclones  which' occurred  during, .1951,  . . • • 
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SI  - 25  Me&chJl95l 
: • (18  BuilWirls)  ' ' 

; 

She  1951  typhoon’  Season  wa, s ushered"  in:  with  the\&r£ival  of  Tropical 
’ Cycl one  Georgia,  Bepofc'ta  from  .&*'  r oni'l'n«j':Tul"tn?o  ^orge\  reconnaissance 
-flight  on  17  iWeh indicated  the 'existence  of  &.&efihiti  cyclonic 
circulation  near  3 degrees,  .north:  158  degrees  Oast.  J 'From  this  position 
it  moved  northeastward  passing  approximately  .'20  miles “south  of  gwajftleia 
at  08002;,  20' March,  giving  that' .station  gusty  surface  iHnds  of  approxi- 
mately m knots,  Forecasters  ^t  Kwajalein  sent  a message  to  Andersen 
• Weather  0entral,'  pyopads  were  then  initiated.  , When  red onnais fence 
arrived  in  the  suspected  area  Of  21  March,  a typhoon  with  winds  in” 
excess  of  100  knots  was  found,  Typhoon'  bulletihs  were  initiated  hy  t 
■Andersen  Weather  Central  naming  this  tropical  cyclone  Georgia.  At  the 
time 'of  detection,  Georgia  was,  moving  northeast,  This  northeastward 
movement  continued,  until  the  tropical  cyclone  reached  a position  near 
9 degrees  north  171  degrees  east.  At  this  position  Georgia,  curved  hack 
toward  the  west  with  a • radiUjj.  of  recurvature  of  approximately  90  .nautical 
miles.  ' Moving  westward,  the  ..path,  that  Georgia  took,  nearly  paralleled, 
the  path  along  which  it  had  moved  before  recurving..  As  the  tropical  . ' , 
cyclone  approached  Eaivetpkit  began  dissipating  .rapidly  and’ by  25  March 
It  was  deemed  to  be  np  longer  operationally  hazardous.  \ 

. ■.  r>  1 * 

• . ' . “ ■ i ‘ , * • * • 

*'■  , HOP® ' 

“ ‘ ■ ‘ • 18-20  April' 1951 

, - (10  Bulletins) 

■ _ ■ Early  in  the  month  of  April  a . chain  of  small  vortices,  was  noted 
developing  near  4 degrees  north  170  degrees  east',  -From  one  of  these 
small’ vortfces  Hope  later  developed.  Analysis,  of  reports  from  a ' 
routine  Gooney.  'Dog  flight  indicated  a vortex  near ; 4,5  .degrees  north 
180  degrees'  east'’  at ''OQOOZ  ,10'  April,;’  ’Other  reports  from  normal  Gooney 
reconnfiisasnce  t^stweH  movement  by  this  vortex,  ■■  •; 

Jy  10  April,  ii  hs&  moved  inside,  the  normal  TulturS  Georgs"' track, 

■Iropads  were  initiated ' on'.  1? 'April  by  forecasters  at ’ Andersen  Weather  • 
Central  because  of  thq " rapid  dtferibration  qf"  weather  noted  at  Guam,;  ^ 
2h,a  '64t$i--'Sb*^©gl0'  Bee^^i'#f^e0/.^ua^on:S»a,&  requested  to  reconnoiter ^ 
the  area*  A storm  was' fMM.;febnterbd  near  15  degrees  north  143,5  ' ' 

degrees  east;.  Andarseh  Wither 'Gent  ral' initiated ’bnlle  tins  on  Sops' 

which  was  at  that  time  inv the'prodess ' of  recurving.'  Soon  after  the- 
second  fix,  which'  was  obtained  at  18Q600Z,  Hope  became  nearly  stationary 
and  executed  a small  anticyclonic  loop* . This  was  accomplished  in  less 
than  24  hours.  After  looping,  , rapid.,  dissipation. occurred  as  the  storm 
moved  first  westward  then  west^iw&theast'  and'.  Within  48  hours  .it  was 
considered  to  be  no  longer  dangeiohsi  ! * 


( 
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SO  -Til  - 13  May  1951 
(50  Bulletins);  ; 

®he  third  storm  to  occurin*.  the?  1951.  typhoon  season,  was  Iris  which, 
during  its  IS  day's  existence,  moved  some  4300  nautical  miles  and 
r rtallished  new  records,  for,,  number,  of  bulletins-  issued  and'number'  of 
vseonBEtisss&nce  fixes  obtained*''  Jihen  reports.,  from  a surface  vessel  near 
6.5-  degrees  north- 144,6  degrees - east  indicated  winds-  in- excess  of  35 
knots,'  Tropads  were  initiated  by  ^Andersen'  Weather  Central  and . reobam&is-? 
.sance  requested  for  .30  April,  A tropical  -st*rm  ms  found  ^entered  near 
$ degrees  north  141,5  degrees,  east  at  300215Z,  Maximum  surface  winds  at 
that  time  were  estimated  to  b©  5.5  knots  in  all  quadrants,  . Iris  moved 
along  an  oscillatory  path  from  the . position  of  initial  penetration  until 
after  crossing  the  iEhiiippine  islands.  After,  entering  the  -South  China 
Sea  the  typhoon  began  to  recurve  to  the  northeast. . The  path  became,  very 
regular  after  reQurvature  had  occurred. • A problem  did  arise  concerning. 

• the  transfer  -of  forecast-  responsibility  in  that  this  was  also  a period  of 
transition  from  the  1950  to  the  1951  -Typhoon  Warning-  Service  SOP.  Clarifi- 
cation as  to  whom  to  transfer  forecast  responsibility  whs  received  from. 
HeadoLuafters,  2143&  Air  Weather  Wing*  ' The  1951  SOP  was  followed  for  trans- 
fer of  forecast  responsibility,  iris  moved  northeast  at  .'approximately  25 
knots  through  Tokyo  Weather  Central* a area  of  responsibility  until  IQ  .May* 
Then  one  of  the  most  difficult  forecasting  problems  was  encountered  for, 
at  this  point,  iris  began  looping.  This  was  one  of  the  four  tropical 
cyclones  to  do  this  during  the  1951  season.  Sapid  -dissipation  occurred 
after  looping,  and  the  final  bulletin,  ms  issued  on  12  Mhy  at  060QZ. 

- • . JQ dS  '■ 

7 — 11  May  1951  , ’ 

{ 13  Bulletins) 

Formally  tropical  storms  in  tha  Marshall  Islands  are  a rarity,  . How- 
ever i -during  -the  1951  season' two  stofarj'' at f eeted  these  islandsj^  first  was 
Georgia,  the-  second  Joan,  Both  presented,-  during  their,  brief  .existence, 
largo  forecast  problems*  . Jean, f-When' first  positive  .evidence  of  ;a  tropical 
stoffi'  b exist snee  was  obtained,  wad  in  a well  advanced;  stage of  recurve- 
ture,  .First  positive  evidence- -of  JOauH  taAstbiiee.-wae  given  by  an  Air 
Force  fix 'at  072230Z,  Within  36  hours  Joan  completed  £n  anticyclone.'  loop 
and  again  began  recurving*  ■ However,  dissipation  occurred  -within, 30  hours 
after  looping  and.  the- .final  bulletin1  was*  issued  at  OQQOZ,.  11  May,  -. 


I - FATE 

29-  June  *--.2  July  1951 .- 

;j  “ - . -.(15  Bulie.tins>  ,-r  . . , 

' • . * ■"  *'  ^ ; . V ■ 

I Progress  of  a vortex  which  was 'originally  detected  near  7 .degrees. 

north  159  degrees  east  at  060QZ  on  17  June  was  followed  as’  this  disturbance 
moved  westward  passing  some  350  miles  south  of  Guam,  By  25  June  reports 
from  aircraft  flying  between  the  Philippines  and  Guam  indicated  that  a 
I , tropical  stbrm  existed  somewhere  south  of  that  route  near  139  degrees  east 
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longitude.  Andersen  Weather  Central  began  issuing  Iropads  and  requested 
that  th®  54th  gtTOt^ip-Iteh^aj^.iasaaee^  gjquadron  investigate  the  suspected 
area.'  Ah  aircraft,  de^.teu'  Gpeifbn‘26  ■ June,  -arid,  upon,  arrival  ifc  the 
suspected  area.,  -found.  .§,  cyclonic  circulation'  'with-  maximum  winds  *uf  35  ' 
knots*  She  center  was  near  ISadgreSs' north  134  degrees  east.  It  was 
decided  to  carry  this  area  on  Iropads,  Late  on  28  June,  reports  from 
surface  vessels  .indicated  that  the  vortex  had  further  intensified*  'Again 
the  54th  Strategic  Reconnaissance  Squadron  Was  requested  to  investigate 
the  area*  Shis  time  a typhoon  with,  maximum  winds  of  75  knots  was  found 
centered  hear  19.2  degrees  north  137  degrees,  east  at  29C400Z.  It  was  at. 
this  time  in  a far  advanced  stage  of  recur mture,  . Ro  .particular  difficulties 
were  encountered  in  forecasting  the  sWrnS Is.  speed  or  direction  as  it  moved 
northvnortheastwar'd  toward ' Kate'  moved  through  Kyushu .along  the 
north  coast  of  Shikpku  decreasing  in 'strength  then  durved  toward  the  east* 
Late  on  2 July,  as  a tropical  storm,  Kate  moved  out  to  sea.  Within  12  ' 
hours  maximum, winds  decreased  to  ^0  knots.,,  i v 
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. . " . «•:  -E0UI5E 

■ r • 27  July  - 1 August  1951 

• (23  Bulletins) 

-Easterly-  wave  ,07083  was,  watched  with,  a great  deal  of  interest  as  it 
passed  ‘by  Guam  on;  25  July  at  06QQZ.  Reports  from  Ulithi  indicated  the  ■ 
presence  of  a tropical  disturbance  north-northeast  of  that  island  at- 
260600Z'.  Strong  northvrest  winds  and  pressure  falls  at  S'.  1 millibars 
during  a 9-hour  period  were  noted*  The  54th  Strategic  Reconnaissance 
Squadron  investigated  the  area  on  27  July  and  they  found  a.  fully  developed 
typhoon  centered  near  12,2  degrees  north  135*4  degrees  east  at  270105Z  * 
Bulletins  were  initiated  by  Andersen  Weather  Central  assigning  the  name 
....  £ouise  to  this  typhobn.  The  path  along  which  this  tropical  'cyclone  moved 
.vaS'.very  interesting, as  it.  gave  good.  evidence  of.  oscillatory  movement. 

Louise  entered  'the  coast  cfRortheru  Luzon  on  30.  July,  however,  winds  of 
, typhoon  . intensity  began,  lashing  Isabela  Province,  late;  on  29  July.  Although 
. ’ the  stay  of  this  -,  typhoon  was  brief,  the  damage  ws.3,. great  and  by  the  time 
Louise  had  moved'into.the'Seut'h  China.  Sea  os  31  July,,  a wide  swath  of 
devastation  had  been  cut  thfpugh’ Northern  Luzon,.  Serious  Aamgp  was  dene  ^ ' 
■td  crops  and  property*  By  ,L8Q(?Z  Louise  entered  the  China  coast  near  Hong 
Kong  at  tropical 'storm  integsityY dissipation  occurred  rdpi|ly.  1 

, ' . llARC^  -■  • 

; ,, 11  -''24  August  1951  ; ' ; 

' ; ••  , Y T53  Bulletins)  Y ’• 

y * • * *1  > * A .£  * • . » 

One  of  the  longest  typhoons  during  this  season  was  Marge.  In  all, 

53  bulletins  were  issued-. after  vortex  Q8Q53  attained  tropical  stonsl 
intensity.  Good  evidence  'was. given  of  an  oscillatory  Movement,  When 
approximately  300  miles , fest-spUthwost  of  Guam  what  at  first  appeared,  to 
be  recurvature  occurred,"  but  instead  Marge  moved  northwestward  and 
, 'continued  in  that  directlpn  ftlcug’ an  oscillatory  path  until  21  August. 

, A,t  that-  time,  Marge  was,  nekr.'32~'de£rte©s  north  123  degrees  east.  Here 
slight  recurvature  pcournedias  fhs'-'atowa  moved, along  the  west  coast  of  * 
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Korea,  then  crossed  that ’peninsula  between  28  degrees  and  30  degrees  north 
latitude*  By  24  August,  o',  e cyclone  toe  deemed  to  he  non-hazardous. 
operationally  so  the  fl.al  bulletin' was  issued  by  Tokyo  Feather  Central. 


■ NO Hi  ' • 

3l  August  3 September  1951 
(15 'Bulletins) 

• ‘ sr 


Another  storm  which  gave  good  evidence -of  oscillatory  movement  was 
Kora  which  finally  attained  "typhoon  intensity  on  31  August*  Vortex  08063, 
which  was.  firs&  detected  in  the  vicinity  of  Truk  on  23  Au^ijtst,  was  kept  • 
under  constant  surveillance,.  On  27  August,  because,  'of  the  deterioration 
Of  weather  near  and  to' the  west  Of  Guam,  It  was  requested  that  the  54th 
Beconnaissance  Squadron  investigate  the  area  next  day.  A thorough 4 search 
was  made  and  a cyclonic  circulation  Of  moderate  intensity  found.  On  30 
August,,  reports  from  a surface  vessel  near  18,3  degrees  north  122,5  degrees 
east  indicated  intensification.  Bulletins  were  initiated  by  Clark  and 
matters  progressed  in  a routine  manner  as  Kora  proceeded  west-northwestward 
across  the  northern  tip  of  Luzon*  Upon. entering  Into  the  South  China  Sea 
on  1 September,  Nora,  which  had  decreased  in  intensity  While  moving  abrops 
the  Philippines,  both , Intensified  and  accelerated.  By  3 September,  the 
• typhoon  was  rapidly  approaching  .the  Chinese  coast  and  decreasing  in 
intensity,  TJpon  entering  into  China  rapid  dissipationoccurred;  ' 


‘ • CBA  *' 

■ ’ . 16,».  21  September  1951 

v ' . ' (22  Bulletins) 

.•  L ' * 

The  disturbance  from  which  6fa  developed  was  first  carried  on  easter- 
ly Wavs  bulletins  as  Easterly  FaVe  09032*  A passage  'was  noted,  at  Guam  on 
12  September.  On  16  September,  although  maximum  winds  found  by  reconnais*- 
sance  were'  36  knots,'  conditions, were  favorable  for  intensification  so 
Bulletin,  1 was  issued  forecasting  winds  at  60  knots  within  the  next  24 
hours.  Beconnaissance  verified  this'  forecast  the  next  day.  The  track  of 
dra . was  quite, .similar,  to  that  of  Nora.  As  0re,  approached  the  Philippines 
there  was  a tendency  to  recurye  i .howsysr,  a large  Oscilation  resulted' 
instead  with  the  typhoon  turning  westward  passing  north  of  Luzon  on 
18  September*  No  deoage  was  done  to  pspulatid  areas  during  Ora's 
existence.  Ass  the  tropical  cyclone  moved  through  the  South  China  Sea 
small  oscillstjsns  we^apparant,  v After  the  tropical  cyclone  moved  over* 
Hainan,  the  last  bulletin  wet*  issued  by  Clark  at  06003  on  21  September#' 


‘ wm?  of 
typhoon  • internal  tj 
was-.  eSrrisd 
as  Vortex  ;:09ol4. 

" 1 f^'S  ’ ’V 


. "Pat*  •>  - ■ - 

2sS’27  'September  1951 
, (9  Bulletins)  ,v 


Ifeort  dux%$&nx  .ditsipating  within  48  hows  after  reaching 
& Vjr  th#  disturbance  from  which  plat  developed 

ts^l!iy"'1l^fj»  bulletins!  first  as  Easterly  Wave  09053  then, 
'^tsrJqr  %*«» " (J9063 ' was  dissipated' at  2218003  because  of 
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a evidence  .to  verify  its  existence,'  JkfcteR-Clafk  picked  up  and 

relocated  this  'Wave'  at  *1?0  degrees  o»isft,f  ■ -:Sli££t|y  later  'there  was  , 
evidence  pf  a vortex  in  the  South  Chink 'Sea  which -was  picked  up  by  Clark 
and  numbered  09014*  Oia  25  •Septek’bar  ^ratafe '•  Island -r sported  63  knot  ■ • 
surface  winds.  , bulletins  -was-  initiated  by  Clark  arid  the  ;54th  Strategic  ’ 
Seconnaissance-'Sq,maron;reauested,  to 'investigate  the  area*,-  After  flying 
all  hight,.  the  crew  located  a'  fuil^grc^n  typhoon  •' 0500  local  time  with 
^ winds  in  excess  of  90  knots,  ' This  reCphnaissance-fix- wac  the  only  ope 
obtained  for  Eat  was  moving  "toward  Formosa,  upon  moving  , over  th&t  island 
the  typhoon  dissipated:  ra^dly*  tod -little  evidsncc-of  :itf  .existence  was 
given  by  the  Reconnaissance  reports  ne*tr  day*-  It:  Was  not  possible  to  fix 
the  center  exactly  because,  of  the,  dangerous  'terrain-  M 'Fprmosa*  hut  the 
aircraft  did  Circvuanavigate  that  island -and  found  a definite  cyclonic 
circulation  with  its  center  somewhere  over  Formosa,'  op  28,  September,  a 
reconnaissance  aircraft  which  was  returning  to  Guam  was  diverted  to  the 
area  and  found  no  indications  of  a stOrm  existing* 


RUTH 

9 - IS  October  195.1 
(2o  Bulletins) 


,M  Another- typhoon  which  developed  from  an  easterly  wave  was  Ruth. 
Easterly  tfcve  XQ012  of'  *weak  intensity,  was  detected  passing  by  Kwajalein 
dt  approximately  1500E  on  2 October*  As  It  moved  westward  toward  Guam 
at  10  knots*  it  was  kept  upder  constant  surveillance*  - Soon  after  passing 
south  of  Guam  ae  a vortex  oh'’  B ‘-October ^ ■ rapid  deterioration'  'Sf  .ths  weather 
at  Andersen  Air  Force  Ipse  was  noticed^.  Because  conditions  were  favorable 
for  intensification  reconnaissance'  wai  reiuested  for  SOctober,  Upon 
arrival  in  the 'suspected  a*«a  a tropical  storm  with  winds  ^ dO.toots  was 
found  centered  near  14,2  degrees  north  139.7  degrees  east  at  08235.7Z,  She 
decision  ka  made  to  . issue  bulla  tins even  though  maximum  winds  were- report- 
ed tq  be  40  knots.  ,r  By  the  -time  Bulletin  -I  was  completed  .reconnaissance 
reported  winds  of  0 knots  75  miles  from  the  canter  .which  .would  he-vo 
necessitated  bulletins  anyhow,  Vitkin  the  -next  6 hours:  Ruth  intensified 
to  80  knots.;'  Moving  along  ah  oscillatory  putbtoward  the- nor thwast , Ruth 
began  recurving  On  12'  October,  ' 0n  l3  v0ctober  the  typhoon -passed  slightly  ^ 
■ vest . of  Okinawa  hammering  that  islksd  with  Winds-  Average 

apfed  of  'movement  accelerated  from  that  point  on  until,  the  tropical 
cyclone  Was  moving  in  excess  of  25  knots*  A* -Ruth'. increased  in  speed  and 
moved  along  the  westera  'aidge  of^the  Japanese  islands  a decrease  in  . 

" intensity  \»s  noted.  The  final  bulletin  wak  issued  with  a valid  time  of 
151200Z  by  Tokyo  as.  Bftth  became  no  longer;  Operationally  hazardous.  • >. 


• aStHAH  - v-  v-i.r. ; -- 

- - 5 ■ •"  23—  2?w Oc't ebef ; .1951.  ‘ 

.V  4 ‘ .•;  -(i^Bmetifts)-  -x."  - * . 

• •*  f * ' ;' * i!,c  *«?  "■  cl  . .v-.  • , 

Sarah  was.  one  of  three  typhoons  which  were  small  is  size  but  of  great 
intensity.  The  first  indication  of  Typhoon-  .Sarah! 9 existence  was  given  hy 
hourly  weather  reports  from  Marcus  island.  At-  QOOOZ  on  23 -October*  the 
surface  wind  at  Marcus  was  reported  to  be  from  the  north  at  33  toots. 


J 


Pressure  falls  in  excess  of  5 millibars ■ for ' 84  hours  was  noted,  pore- 
cast  responsibility  Was  assigned  to. Tokyo  Weather  Central  and  the  first 
bulletin,  issued  with  w yt  I Vw.tdmii  fOf.  ' 22H36QQ&.-;  -.-.-When  .ft  »54^b]%  Beo-onnhissance 
Squadron  aircraft  ,bad'7inyqnH&bt©d-  •the  -suspected1  area*.  a typbo^h  of  90 
v knot  winds  whs'  located,:  ; Steagp,  s^eurv&tnpe  ,o.Q,cur.retd  .B,»<?n  after.  -passing 
Marcus*  Td' add-bo  the^dif^ioultjr  of.  .forecasting*  Satah-'hOde^eifttod  -to 
IS*  5- 'knots*  ? • ’L ^notion.  Of :.  "the; ..typhoon *'0 •> Canter  was  difficult 


fho  Typhoon  Warning  S9rvi«e..'Be.tW!>rlc  ,i^a&  cc^letsly  dependent  upon  ree/oiH 
:-v  nai seance  . for,'  loeat  Ing  the  ^•yjheon’  s-positihiu;  ,,'The..f  inal  bulletin . was 

issued  on  W'v  .October*  • .•*■  . >•'.%**.£  ?.»*  l-vr'.wv'.  • 


'•'  '■  ■•  •■'*•;■.■•■■•  • ••••  v ..vffiHum  ;:-'  .;  ,V- ,r  .<;,• 

. 1 ' •.••"*•  ■'  ■•  . 87  Octobers  ;l^]javaiabe-f  1961- ;.  '••>' 

- • •<■  ■ •’'  •;,  ” , (19  id&letins)  : , a*  -.<  . .-  . , ■ . . . 

Evidence  of  & vortex  passage  Was  noted  by  analysis  of,  yvajalein*  8 
time  cross-section,  Ths  tine,  of  this  passage  was  at  2406002.  further  . 
evidence  of  the  vortex's  existence  wets  given  by  analysis  of  Eniwetokts 
time  ci?sss-Soctions  which  indicated  that  it  Whs  south  of  that  atoll  at  • 
350600Z-  Speed  of  movement  increased  fron  lg  knots'to  Id  .6  knots  as  the 
vertex  moved  wOst-northwestward  t.fiward.Oua®,  . While  returning  to  C-CftO* 

While  returning  to  Guaia  .fro»  Wake  Island. a weather  observer,  of  the  54th 
7 ‘'Strategic  Reconnaissance  Squadron  aetsd.  an- area-. of  unusually  heavy  • 

' '-'obhreotive  -cloudiness  and  precipitation  to  the  south'  of  -the  -course.. Epon 
■•  ■■diyertihg  this  flight  a small  but  intense  ty^qon^Wil&'rVdndSwOf  99  knots 
■ W»  ‘f euhd  -Cent e re d'  at- 14,6  »degr  • es  north ' 14$, 6 degree*. -.aust'.on.'^ •October, 
g6!.-’*p#«d  of -wovenent  increased;; to  :80v‘knot»  df tor  Tholma-had  reached 
typhQ on-' intensity  It  Was  with  mixed,  anxiety,  that  the  people  of  Guam  • 

-•  wfetched  the  approach  of  this  raging' ..typhoon,  .-Early  on  Sunday  morning, 

• Ihelaa  pasted:  nearly- ■■overt:  Saipan  lashing,  that  •island  with  90 

•A-:-kne^'«iyb»$*  while  'at  Gu an*  dnly  120,  mile,*  south,  little  ..'hut,* the  usual 
'•^•‘tropical  weathef'>.Waa  experienced,-.**  tfcla  tine  the t sour, thorn  quadrants 
. Of  "Thelma  .-were  open;."  •-  As  the  tyi^fien  continued . on  northwestward,  recurva- 
ture  ..  Soon*  after ■•racurxingi'-apeedi-ef  movement  hse&^r3b.  inots  and 
Thelma  • rapidly  -became  extratropioal,  ^One  -of.  the  -most  unufual- phenomenons 
' ■"nd'Idd^dur^g'-'Shels^fs  existence  wan  the>  typh9eaff.  extremely  , snail  size* 
/•#efh&ps  the  bestjihdication  of  - its  Siben  was  givefeby,; the.. fact  that  on  the 
third  mission  a veteran  veathe*  observes?  descending  to  16Gp  feet  to  searoh 
fcr‘the ts^oon,  which,  at  that  tins,  '“Was.: within.  ISO. ; pile, Mff.  his  position, 
did' net .rtl'nlfewe7  that  a typhoon  ©risted.,for.vj3feay#jaileb* . Within  the.  next 
■ 46  minutes  Winds;  were- noticed  to . increase ; rapidly,  from  below  16  knots  to 
above  do  knots,  ’ - Berthe.-  turbulence  *&*•  encountered  .-within  a feW-  WiCf 
moments  and  the  aircraft  caused  to  go  into  a steep  bank  and  dpfeeni  rapidly. 
It  took  the  combined  strength  of  both  pilots  applying  full  opposite  controls 
to  right  the  plane.;  The  eye  was  of.  such  small  diameter  that  bfc#  aircraft 
could  not  remain  within  it  after  the  penetration  had  been  nada.? 


...  • ■ 
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■ . . . 31  October  1 November  1951  ' , 

(6  Bulletins) 

While  Thelma  was  still  in  existence,  a second  disturbance  which  ■ 
originated  approxii^ly  200  miles  -mat  Of:'  tho>  Philippines  aev^oped 
Inti  'tropical  storm  intensity;  -41th.  the  exception  of  a few  surface., 
veasela  and  .the.  tisp  j^bs^se^'lfiinj'^if.'iwo  „ llttl* 
given  of  this  storm* s.  existence.  Which  ‘wa*  ..turned  -,«sw...  Tne  fUst  bulletin 
wa*:-  issued  with  a valid  time  of  3l0000S,an4  was  based^upon 
surface  vessels  in  the  vicinity  of  Iwo  Jitfe.  Speed  of  ^oveoent  waa  jaite 
vapid,.  -5 wo  attempts  to  fix  the  center  were  made  by  the  Stogie 
Reconnaissance  .Sqpadvon  hut  no  fixe#  were  obtained.  , By  1 N0vemher,  no 
evidence  was  given  of  « tropical  storm  existing  so  the  fimnl  bulletin 
was  issued  with  a Valid  .hime  <ff.  01O6OOZ.  V ■ 


,-k;  ■ . ■•■"  '•  * - ’ ;vtm  '■*'  ••  , ■ " 

.■  18  «.  26  November  1951  . 

V-  (30  Bulletins)  1 

v On  the; basis- of  analysis  of  the  yap  and^Koror  tine  ^ross**tections 

TrooadB  were  issued  on  a disturbance  near  9 degrees  north  137.  dj.gie.es 

east,  Valid  time  of  initial  Tropad  W»*  18002  s?!P?§r 

sance  was  dispatched  to  the  area  and  a fix  at  180310Z  gave  winds  of  IPO 

knot*,.  Bullet  in*’ were  then  initiated  by  Andersen  ]^ft^®^Swald  towifT 
-Ing  the  name  ifenda  to  this  typheon' Which  noted  wesVnprthwest^rd  to^rd 

the  Philippines*  . Some  .evidence  was  given  of.  slight  .JJJSKSS  tit*™ 

On  20  November,  Wanda  entered  the  west  -coast  of  the  RjiliPPide*r 
21  November,  Wanda.  passed1  into  the  -South  China  Sea  and  continued  ^ kove  * 
northwest  until  23*  November,  At  that  time  a .marked  w A 

which  gave  the  appearance  that  the  typhoon  might  possibly  re««m* 
ifSnS  le^  Sng  wesi^cuthwest  and  au^^  dissipated,  ^ 

■ because  inflight,  reports  from  Saigon  indicated  ' * 

-ring,  a final  .bulletin  was  issued  With  a valid  time  of  ^ 25120QZ,  ..  r 

’ AMT  . -•  ' : 

' ! 3„  »■  1?  December  1951 

”,  - ' (58  Bulletins) 

* . 0 ■ . i 

"While  on  a norml  Vulture  George  flight,  which  left  Guam  at  21S0Z*  ■ 

? December,  an  alert  weather'  observer  noticed 

f ~ ty,e  east  with  wind-  speeds  Increasing  to  an  estimated  35  knots  at  the 
surface  The  flight  Was  immediately  diverted  to  investigate  the  area  to 
'the  South,  At  030040Z,  a tropical  storm  was  found  centered  near  9 ^®e£008 

■ norths  160. 2 degrees  east  With  maximum  Winds  at  thaV  time  . . 

SO  knots  ia  the  northeast  ^u&dra&v  Bpon  boxing  this  storm 

'‘the  southern- quadrants  were  weak  with  winds  being. no  greater  than  .5  to  *0 
It  is  ooSle  that  two  Centers  existed  during  the  early  stages  of 
Sf#,mhis  was^indlchtedby  rwo^^issance  flights  Vulture;  Three,  Jit*  mA 
Seven  Amy.  Oh  Vulture'  Three  Army,’  when  the  morning  penetration  was  made, 
strongest  winds -were  .found  to  be  45  knots,  but,  while  boxing  he  e c-  , 

' ’ . -74  ' 


stronger  winds  were  found  in  the  north.  Later  a second  penetration  was 
made  and  winds  of  85  knots  were  found  with  the  center  some  150  miles  north- 
west  of  the  earlier  position*;.  .Later  the  weather  Observer  on  Vulture  five 
Agy  reported  two  complete  circulations..' -At  0623303*  the  primary'  center  was 
at-,3.1  degrees  57  minutes'  north  131  degrees  41  minutes  east,  A secondary  • 
Hmw j iM/n.  aA*.  k -‘-.s v h^'9  decrees- . ^-srth  131  *2  degrees-  east. 


• ■•vui.vuxg  AW»  ’ w Kes  iWjiw  y-»-  rtf  . — — * - 

•first-  attempt:  to  penetrate .J&yy-'itho  .^craf,t  apparehtly  y«mt  between  two 
centers,  By-making  Uke  of.  radar'-ov^  the  secondary'  circulation 

' was  'maids.  •-•"  Shi*  was  ; found-  to  .be-,  open,  an  the.  direction  of  the  primary  eye 
whioh' waft  then  penetrated!  / files’  i& 


> Of  two  Centers  existing.  The,  difsturbance  from'  Which  Any  dCT#lCBoa  was- 
first  detected  as  a vortex  which  passed  .nearly  over  Kwajalain  at  • 0500Z  on 
29  November*  The  number  11122  was  assigned  ;;te  .that  vortex  Vhich  was  kept 
under  constant  surveillance  as  it^progfessed  westward.  Initially*  the 
tropical  cyclone  which  attained  tropical  storm  intensity  on  3 December, 
had  been  moving  at  10  knots.  0&  4 December  there  was  a rapid  acceleration 
to  17  knots.  Sy.  late.  :6' December  this  decreased  to  7,5  knots.  ■ -This  average 
.speed  of  movement  continued  as  Amy  approached  the  Philippines.,  On  9 
December,  the  ’typhoon  entered  the  Philippine  coast  near  11  degrees  north 
126  degrees  east  and  for  the  boxy  two  days  raged  through  Leyte,  Gabu  and 
Panay  lashing  those  islands  With  typhoon  .intensity 'winds  leaving  a path  of 
devastation  in  its.  wake.  .Late  bn  11  December,;  Any  moved  Off  the  coast  of 
Palawan  leaving  jxvoy,  person*  killed,  injured  or  .homeless.  After  entering 
the' South  China  Sea  .-the  typhCcnrei»ined  nearly  stationary  just  off  *he 
Philippine  coast  for  three,  day*.  During  thtys  time  it  executed  a small  loop* 
finally*  a slow  wesVeouthwestward- movement  was-  noted.,  3y  17  December,  Amy 
decreased  to  tropical  storm  intensity.  - The.  final'  bulletin#  which  was 
Number' 58,  was  issued  by  Clark  with  a,  valid  time  oT  3.709002,  Thus  ended 
Amy*  a tyjhocn  which,  during- its  16  days  existence* /established  records  for 
number  of  bulletins  issued,  SS*  and  number  of  reconnaissance  fixes  obtained, 


$*85  • . " 

. .'Ll  «■ ' 16  December  ,1951 
' ; (96  Bulletins)  V - 

While  Amy  was  still  raging  through  the  Philippines*  another  tropical 
Storia  developed  southeast  of  Guam  near  - Ulithi..  - On  10  December,  winds  c>f 
50  knots  were  reported,  on  the  .final  leg  of  Vulture  George,.  The  54th  Recon- 
' haissancC  Squadron'  was  requested  .to  inyestigate . the,  area  southeast  of  Gtaam 
on  11  December,  A tropical  atorp.  was  found  near  2*4  degrees  north  13  . 
degrees  east- at  1103352*'  and  was,  sub^ubntly  l^e^Babs,  , Because  of  the 
distances  Involved  and  the  shortage.  .^f:  airer^t  a ^bble^  arose  id  supply- 
ing  reconnaissance  for  the  two  .tropical  cyclone^  in  existence,  however, 
kt  all  times'  the  54th  Reconnaissance  • Squadron- .provided  adequate  reconnais- 
sance, ••  from  the  position  of.  -the  -first  fix,  B^bs  moved  northwestward  at 
13.5  knots,  A declaration  to  8 knots  was  no^e'd  hs.  the  tropical  cyclone 
began  tef  'rehurve*  Then,  after  reourvature,v  rapid  acceleration  was  ODservei. 


I 


Within  30  hours  after  recurvature.,  Babs  -was  Roving  at  a speed  in  excess 
of  20  knots  and  oontinu  „ .d  accelerate  to  above  30  knots*  .Rapid 
dissipation  occurred  as  the  typhoon  moved  into  an' area  of ^ strong  wester- 
ly winds.  By  15  December  J little  evidence -of  .tropical  Cyclone  exist- 
ing was  found  by- reconnaissance'.;  The'  f ’inal  ■bulletin. -was-  issued  by  Tokyo 
Weather  Central  at  160855Z.-'  Thus  'ended  Babs-  .-which  began  an"  Easterly  Wav© 
12022,  the  last  storm '.to-  begin  during  the  195 1;  sJeias On . •'  The  "1951.  typhoon 
season  actually  ended  with  the'  dissipation,;, pf  Amy- on  1?  December...  . • 
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' Fv  ■ BECa«MTIONS 

it  appears  that  the  primary  weakness  in  tropical  cyclone'  forecast- 
ing has  been  the  low  experience  level  in  this  field,  . Usually,  a fore- 
caster acquires  enough 'experience  in  tliis  field  to  he  of  real  value, 
then  returns  to  the  Zone  of  the  Interior*  It  is  recommended  that  every 
effort  he  made  to  stabilize  .the  assignment  of  personnel  in  this  field 
and  attempt  to  secure  personnel  who  have  prior  experience  In  the  field. 

Hew  forecasters  can  he  fed  inio  the  system  from  tropical  meteorology 
schools  and  from  the  large  number  of  forecasters  with  meteorological 
experience  in  the  tropics  although  not  necessarily  in  tropical  cyclone 
forecasting,  It  is  recognized  that  such  a program  would  he  a consider- 
able problem  in  view  of  the  requirements  placed  upon  the  Air  Weather 
Service  by  the  current  expansion  of  the  Armed  Forces, 

It  is  recommended  that  a Tropical  Cyclone  Forecasters*  School  be 
held  prior  to  the  beginning  of  each  •’season1’  to  familiarize  designated 
forecasters  with  theories  about  causes,  structure,  and  behavior  of 
tropical  cyclones  in  this  area.  Perhaps  a two-week  school  would  be  the 
proper  length,  with  one  week  devoted  to  study  of  the  Typhoon  Warning 
SOP  and  problems  in  its  use.  A .similar  school  was  held  on  Guam  in  1951 
and  the  benefits  derived  therefrom  are  believed  to  be  well  worth  the 
man-hours  expended.  For  example,  not  only  was  the  forecast  error  the 
smallest  to  date  in  1951,  but  the  Typhoon  Warning  Service  was  almost 
completely  free  from  the  type  of  procedural  errors  which  plagued  it  dur- 
ing the  1950  season. 

It  is  recommended  that  the  designated  Typhoon  Forecasters  fly  the 
main  air  routes  adjacent  to  their  stations  to  familiarize  themselves  with 
the  normal  weather  picture  in  order  to  better  evaluate  deviations  from 
the  normal  state.  In  addition,  it  would  be  advantageous  for  the  Typhoon 
Forecasters  to  fly  at  least  one  11  eye 11  penetration  with  one  of  the  recon- 
naissance squadrons  during  their  indoctrination  period. 

A great  amount  of  data  about  tropical  cyclones  is  available  at  Guam, 
Much  of  these  data  will  never  be  used  due  to  the  operational  requirements 
and  shortage  of  personnel  for  the  Post  Analysis  Board,  It  is  recommended, 
therefore,  that  a well-qualified  civilian  meteorologist  be  hired  and  assign 
ed  to  the  Center  at  Andersen,  He  would  be  free  from  operational  require- 
ments and  could  effectively  advise  the  Post  Analysis  Board  on  research 
problems,  recommend  data  requirements  to  be  requested  from  the  reconnais- 
sance squadrons,  etc. 

It  is  recommended  that  a joint  Air  Force-Navy  Post  Analysis  Board 
be  established  at  Guam.  This  would  result  in  economy  of  personnel, 
communications,,  and  materiel  in  avoiding  the  existing  duplication  of 
effort. 


Finally,  it  is  recommended  that  a-  Northern  Hemisphere  analysis  at 
200  and  700  millibars  be  transmitted  by  facsimile  to  all  units  of  the 
Typhoon  Naming  Network  in  order  that  the  behavior  ®f  l®ng  waves  may  be  Ur 
used  in  forecasting  tropical  cyclones.  These  waves  play  an.  important- 
role  in  every  phase  of  a tropical  cyclone’s  life  cycle  from  initial 
intensification  to  final'  decay.  - 
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